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ECAUSE of recent increase in the 
ipeutic use of potassium, it is 
rable to re-evaluate the electro- 
iographic alterations, particularly 
r precordial leads that result from 
the ef- 


of potassium administration in the 


rpotassemia. In addition, 


presence of mvocardial damage as rep- 


re ited by various stages and degrees 


\vocardial infarction vields data 
f interest 

ie effect of potassium on the elec- 
experimental 
il has studied by 
rs 1.16.17. The correlation of the 


irdiogram the 
been various 
le rocardiographic changes with the 

of the potassium in the serum was 
Winkler, Hoff and 
(1938 Manv_ studies 
D¢ reported correlating the effects of 


have 


ng grades of hypopotassemia and 
rpotassemia with the electrocardi- 


ogram in the human 


As far as we are aware, the only report 
relating to the effect of potassium in 
the presence of myocardial damage 
was made by Sharpey-Schafer'* who 
studied the effect of oral potassium 
administration inverted T 
wave in patients with hypertension and 


upon the 


in patients with myocardial infarction. 
He gave no correlation of the ECG 
with serum levels of potassium and no 
mention of altered sensitivity of the 
damaged _ heart. 


Method of Study. The method of study 
used in these experiments is described in 
detail in another report!. Control tracings 
consisted of the usual 3 limb leads and 4 
precordial leads. During the administration 
of potassium practically continuous tracings 
were taken by the Visocardiette. The pre- 
cordial leads CR3 and CR4 were used for 
this purpose because these derivations gave 
the most characteristic evidence of potassium 
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leads 


cavity nm a 


iddition, endocardial! wel 
taken from. the left 
and in a dog with acute 


A total of 31 « xperiments wert 


ventricular 
normal dog mvyocal 
dial intarction 
performed; these were divided as follows: 9 in 


noriha dogs 


12 in dogs with acute infarction 
6 in dogs with healed infarction, the reversi 
bility of electrocardiographic effects in 


dogs, effect of potassium on the simultaneous 


endocardial and pericardial electrocardio 


grams in the normal and in the acutely 


infarcted dog 


Results. In general, the electrocardio 
graphic alterations following the ad 
ministration of may be 


divided into 4 stages: a, alterations in 


potassium 


T wave and ST segment; b, alteration 


COWTROL 


A2 mE git SOc 


GAZES, 


100ce 


STEIGER: 


ORS changes; 
cardi 


in the P 
arrhythmias 


wave; 
and terminal 
mechanisms 

The T Wave and ST Changes. T 
alterations in the T and S] 
segment are ot particular Importan 


Waves 


because they occur during the init 
stages of administratic 
The patterns observed varied signi 


the 


pot isslum 


cantly in normal and damaged 


hearts. Three patterns of T and S] 
changes were observed: (a) normal 
pattern observed normal 


pattern 
hearts ): (b 


served in dogs presenting slight grades 


intermediate pattern (ob- 


120ce. 


| 
210¢<. 
6.2 


| | 


CR2 


F 1 | The 3 patterns of T waves and 


infarcted 
R4—Successive 
Below these 
serum in mEq. per liter. Note the increasing amplitude of the T wave 


Control 


isotonic potassium chlorid 


\ Normal dogs 
doses of 
base and de pression of the ST segment whic 

B) Intermediate type 
With increasing doses of potassium T wave 
After 150 cc. 
pattern Control 


. wave tends to decrease. 
C) Acute infarction 
Note 


ing doses of potassium inversion of T wave becomes more marked 


Note 
final 


after 150 cx 


Configuration of wave 


observed in the normal. In this and following figures a few faint lines have been stre ngth 


5.85 m Ej 3O0ce. loocs. 


Control shows inverted 7 
RT segment becomes de presse d and P wave disap} 
ibsent R waves and elevation of RT segment followed by inverted T wave 


increasing amplitude of inverted 1 


change is not 


4 
| 
175ee. 
giment ch nee bserved In normal 
dog 


changes are recorded following inere ng 


figures are the potassium concentration i1 
with narrowing 

h tends to increase with increasing concentrat 
with slightly elevated RT 


inversion becomes more marked but amplitu 


wave 


coronary lig n 
With increas 


RT elevation disap urs 


CR2 taken 48 hours after 


wave with narrowing at the Se 


just similar to, but is a mirror image ol 


a 
56 11 .SmEq/L 
CR | Le 
. 45 


ch 


EFFECT OF POTASSIUM ON 


mvocardial infarction with  sub- 
locardial involvement) and = (c 
irction pattern observed in the pres- 
e of a transmural infarction of the 


ft ventricle (Fig. ] 


Normal Pattern (igure LA). 


he patterns of T and ST changes in 


normal dog are similar to that de- 


ribed by Winkler, Hoff and Smith"? 


thei animals However, these 


uiges are more clearly observed. in 


180<c 10 mE g/ 


S735 
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the precordial leads CR3 and CR4. The 
earliest change consisted of an increase 
in amplitude of the T wave. When 
markedly increased it was usually 
accompanied by depression of the ST 
segment (Fig. LA). This pattern was ob- 
served in 9 normal dogs. In 2 of these, 
the T waves increased only slightly in 
amplitude. In the remainder, the ampli- 
tude of the T waves gradually increased 
until it reached almost the amplitude 


CRI 


1) Effect of potassium in the presence of a healed myocardial infarct (Grade 
days after ligation of the anterior descending branch of the left coronary artery. Control 
note absent R waves followed by upright T waves. Following administration of 
ium note increasing amplitude of T wave with narrowing at the base similar to that 


ed in normal dogs. After 180 cc. note elevation of RT segments and absent P waves. 
findings are more marked after 184 to 200 cc. Note the development of a late R wave. 
Healed infarct. (Grade 3) 37 days after coronary artery ligation. After 102 cc. of 


im note the slow idioventricular rhythm and presence of auricular tachycardia with 


t 150 per minute 


Terminal cardiac mechanism in a normal dog. The upper strip is the endocardial 


lead CR3 


iken with the electrode tip in the left ventricle. The lower strip is the normal CR3. 
ie presence of P waves recorded with the endocardial lead and absence in the pre- 
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| 
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4 100cc 150 ce 
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240) BELLET, 
of the R wave. The QT interval tended 
to be shortened. In 6 dogs with healed 
wave changes 


anterior intarctions, T 


were similar to those observed in the 
normal, even though an electrical win 
the 


segments became elevated rather than 


dow was present. However. 
depressed as in the normal (Fig. 2A 
b Intermediate 


This 


diminution in the amplitude of the 


Figure 1B 


Type 


pattern consisted of a 


gradual 


already inverted T wave. rather than 
an increase. The amplitude of the T 


Wave 


This 


pattern was observed chiefly in those 


remained relatively small. 
animals with slight to moderate grades 


sub 


and 


of mvocardial infarction with 


endocardial involvement ( Grade 


infarcts), but was not observed in 
the transmural infarcts. 

\cute Infarction Pattern (Fig- 
ure 1¢ These animals in the control 


electrocardiogram showed the tvpical 
pattern of acute transmural infarction; 
namely, absence of the initial upward 
deflection inverted cove-shaped ‘T 
waves and some ST segment elevation 
administered — the 


wave tended to in- 


was 
inversion of the T 
crease, the ST segment elevation be- 
less marked and the final T 
changes developed which were similar 
to, but exactly 
from, the 


Wave 


\s potassium 


Callie wave 


opposite in direction 
high amplitude peaked T 
the These 
changes are similar to those reported 
in the 


heal d 


observed in normal. 
human by Sharpey-Schafer in 
this 
group the amplitude and configuration 
of the 
ing potassium administration until th 
stage of bundle branch block. 
Alterations in the P Waves. Coinci- 
dent with the T wave and ST changes. 
the P 
and became peaked. They then grad- 
ually 


infarcts'*. In 3 dogs of 


T wave remained unaltered dur- 


decreased in size and 
broadened. The auricular rate gradually 


decreased with the development ot 


GAZES, 


waves increased in amplitude 


became 


STEIGER: 
sino-auricular or intra-auricular bloc 
This decrease in auricular rate usua 
occurred coincidentally with the 
rence of intraventricular block. Tl 
auricular rate became slower and t : 
auricular complexes usually disa 
peared with the deve lopme nt of me : 
marked grade of ORS widening (} 
LB In 3 instances auricular activit 4 
was observed in association  witl 
widening of the QRS compl xes and , 
complete auriculo-ventricular he rt 1, 


where death was due t 


block. In one 


cardiac standstill, auricular activity v ; 
observed evel though ventrici 
activity had ceased (Fig. 2, B and ¢ 

This point is of interest because 


Was obse rved in 


taken from. the 


and was not clearly sho 


auricular activity 


endocardial leads 


ventricle 
bv the precordial leads. In the 2 ot! 
experiments on healed infarcts, aw 


lar activity was observe d rate 150 1 


during slow idioventrict 


marke d 


rhvthm with widening ot 


ORS complexes In these 2 instan 
even with a relatively slow ventric 
rate. the P waves were inverted u 
gesting a pacemaker in or close to 
A-V node. Similar evidence of aurici 
activity at the height of potass 
effect was observed by Nahum 
Hoff! and Wiggers" 

\/terations in the P-R Interval 
P-R interval was not significa 
altered in the early stages of potass 
administration. However, at the tin 


ST segment depression slight 


longation of the P-R interval was n 
The P 


occupy almost all of the prolonged 


Wave be broadenet 


y 
instances. In 2 Cogs 


interval in many 
where auricular activity was noted wit! 
a slow idioventricular rhythm 


A-V heart block which 
changed into complete 


D tla 
grad Ih 
diss 
tion, observed 

Alterations in the ORS Complex 


development of intraventriculat 


Was 
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: considered to be an evidence of | anterior wall of the left ventricle, right 
ious toxic effect. It occurred at a bundle branch block was observed as in 
in serum Concentration of potassium — the normals. However, its configuration 
; 11.3 mEq. in the normal and at an was altered because of the intarction. 
lier stage in the infarcted animals'. As potassium was given, a late KR wave 
initial widening of the QRS com- appeared which gradually increased in 
gradually progressed with contin- amplitude until it attained a height 
nce of potassium administration until of 8 to 11 mm. (Fig. 3 B, lower strip). 
rked widening up to 0.24 to 0.28 sec Effect on Ventricular Rate. The heart 
: urred immediately preceding the rate in the controls depended on the 
ith of the animal. When bundle type of anesthesia. Under morphine 
inch block occurred, as far as we — sulphate the control rates were slow 
ld determine, the right branch was (45 to 60 per min.); under nembutal 
one involved. In dogs with the control rates were more rapid (150 
' usmural infarction involving the to 180 per min.). In the former group 
COMTROL NORMAL DOG22 
j 
SOce. RO0ce. 
B DOG 25 ACUTE INFARCT GRADE 3 (72hr) 
A 
lead Pa |. 
44 SOce 
m 9.3 mb 
a \) Simultaneous record of endocardial lead with the tip in the left ventricle and CR3 
; rmal dog. The first record represents the control tracing. Note the absence of the R 
in the endocardial lead followed by the inverted T wave. After 50 cc. note increasing 


on of T wave in the endocardial lead with slight elevation of the RT segment. After 
2 note elevation of the RT segment and endocardial lead and inversion of T wave and 
sed ST segment in the precordial lead. 
Acute infarct. Simultaneous records of endocardial lead from left ventricle and 
R- Control shows absent R waves and elevation of RT segment. In endocardial lead absent 
followed by T wave in CR3. Note increasing degree of T wave inversion in CR3 with 
lly no change in the endocardial lead. The last strip shows the presence of a marked 
of intraventricular widening with the appearance of a late R wave. 
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potassium administration led to a slight 
reached 
the 1 


wave changes. This was probably the 


increase in heart rate, which 


its maximum at the height of 


result of a sympatheticomimetic effect 
In dogs with nembutal anesthesia there 
was a tendency toward slowing of the 
ventricular rate as the T wave changes 
occurred, The ventricular rate gradually 
decreased thereafter in all animals with 
the development of intraventricula 
block and as the degree of intraventri- 


block 


ventricular rhythm 


culai increased and slow idio 


20 to 30 per min 
developed 
Arrhythmias. A normal sinus rhythm 


was usually observed in the control 
tracing Following the development ot 


block the 


rate slowed markedly in a 


intraventriculal auricular 


short. time 
due to the development of intraventri 
block noted the 
occurrence otf periods ot partial \-\ 
heart block (2 to 1) prior to the devel- 
opment of a complete \-V heart block 
200 pel 
\t various periods after develop- 
of intraventricular block 


cular In 3 dogs we 


with an auricular tachycardia 
ment runs of 
rapid ectopic rhythm, associated with 
aberrant ventricular complexes, ap- 
peared with a rate ranging from 140 to 
220 per minute. This was probably a 
nodal or ventricular tachveardia 
4, Strip 4 


brief pe riods of time, usually disappear- 


Fig 
These episodes lasted for 


ed even with a continuance of potas- 
sium administration, and gave way to 
widened idioventricular complexes with 
rate (about 20 per min. ). When 
standstill occurred as a 


mechanism, it 


a slow 
ventriculay 


terminal usually 


idioventricular 
rhythm with markedly widened QRS 
When ventricular fibrilla- 


was the 


was 
preceded bv a slow 
comple 


tion terminal mechanism. it 
was usually preceded by a ventricular 
tachycardia of a relatively slow rate 
characterized by marked widening of 


the ORS complexes. 


GAZES, 


STEIGER: 


otentials. Simultaneot 


Endocardial 2 
records of the endocardial potentia 
with the electrode placed on the lett 


ventricula were taken with precordi 


leads (CR4) in the normal dog. Thes 
showed a T wave configuration whi 
was exactly an inverted image of tl 
lead on the endocardial side. As pota 


sium was administered the amplitude of 
the T wave increased in the precordi 
lead and becam« inverted in tl 
endocardial lead. When the ST segme 
wer 
2 leads 


tral 


more 


occurred they 
the 


deviations 
posite in direction in 
Fig. 3A Inn the 


mural infarction both endocardial ar 


presence ol 


precordial le ads ( 3 showed absen 
\ definite 


segment elevation was observed in the 


of the R wave ( Fig 


endocardial lead but was slight in the 
precordial lead. This is probably dur 
the fact that the endocardial lead gives 
a more sensitive recording of a sm 
area with the electrode in direct cont 
with th injured portion whereas th 
epicardial lead records the potent 
of a larger portion of the epicardit 
Fig. 3B 
Reversibility of Potassium Effects 
the Electrocardiogram 
] 


were devised to 


Two expt 


ments determine 
reversibility of potassium effects af 
its administration was stopped at 
various toxic levels were reached. 1 
2 occasions in the same experiment 
able to this electrolyte 
the stage of bundle branch block 
tachycardia (rate 


were 


ventricular 215 
min and the electrocardiogram 

turned to a normal configuration w 

corresponding fall in the serum potas 
sium. Once intraventricular block 
a slow idioventricular rhythm occur 
we could not reverse the change 
death followed with the develop 
of slow ventricular fibrillation ar 
high level of the serum potassium 


(Fig. 4) 
Terminal Cardiac 


mEq. per liter 
Mechanism. | 


il 


DOG 24 =NORMAL TOLERANCE EXPERIMENT 


24° 
16° 
4 —4 
Th 
+= 
+++ +++ 
tt 
ces TETT TI 


an 


++ 
TT | + + ++ T T 
44 
t.—Tolerance Experiment. Note configuration of T wave in control tracing CR3 and 
rmal level of serum potassium. Note the typical changes of T wave and ST changes 
g 


ncreasing doses of potassium. After administration of 110 cc. in 8 minutes, potassium 
idministration was stopped with presence of ventricular or nodal tachycardia and 
uricular block. At 14 minutes following beginning of potassium administration the 
| cardiac mechanism has recurred, the T wave is somewhat greater in amplitude than 
rmal control and the serum potassium level is 8.1 mEq. per liter. Potassium administra- 
is resumed 2 minutes later (16 minutes after beginning of experiment). Toxic changes 
t 24 minutes, when bundle branch block appeared with sinus bradycardia, 

um chloride administration was again stopped. Ventricular tachycardia again ensued 
55 minutes the cardiac mechanism had again returned to normal. The T wave and the 
potassium concentration were almost similar to that observed at 14 minutes. Potassium 
stration was started again and stopped at 45 minutes after a total of 290 cc. had been 
tered and the serum level was 17.8 mEq. per liter. Note the occurrence of the slow 
tricular rhythm and ventricular fibrillation in one and a half and one-half minutes 


served ind 


ter re spective ly 
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the normal dogs the terminal mech- 
anism at death was cardiac standstill. 
In 7 of the 


respiration was used during the experi- 


9 normal dogs. artificial 


ment. Of the infarcted dogs, one Grade 


| chronic infarct. one Grade 1 (acute ) 


and two Grade 2 (acute) died in car- 


diac arrest Two of the } had received 


artificial] respiration during the exper! 


ment. All of the other dogs (15) with 
acute myocardial infarction (all with 
chronic infarcts) received artificial 


respiration and died with ventricular 
fibrillation. In the Winkler. 


Hoff and Smith'? where potassium was 


series of 


administered in a similar to 


manner 


that used in our experiments, death 
occurred in ventricular standstill. The 
above data would indicate that the 


factor chiefly re sponsible for the mech- 
death the 
mvocardial infarction. The combination 


anism of was presence of! 
of potassium and mvocardial infarction 
usually led to ventricular fibrillation. 
Discussion. Electrocardiogram as an 
Indication of Hyperpotassemia. The 
data indicate that the 


cardiogram is a fairly good criterion of 


ibove electro- 
hyperpotassemia in the normal dog. 
and in the healed stage of infarction. 

In the later stages of hyperpotassemia 
with development of intraventricular 
block rapid ectopic rhythms and a slow 
type of idioventricular rhythm with 
marked degrees of ORS widening were 
observed in all of the dogs, both normal 
and those with infarcts. However. the 
duration of these toxic effects was rela- 
tively shorter in the dogs with severe 
grades of acute infarction because of 
the lower serum level at which death 
occurred. Although these patterns (con- 
intraventricular block, QRS 
and a idioventricular 


sisting oft 
widening slow 


rhythm) are sometimes regarded as 
characteristic of hyperpotassemia they 
are probably also caused by the action 


of other drugs, such as mercurials® and 


GAZES, 


STEIGER? 


quinidine, and are also seen as a res 
of anoxia. 
Potas 


um is important in the normal tra 


Physiologic Considerations 


mission of the cardiac impulse and | 
the 


nerve. This cation normally plays 


normal activity of muscle a 
important role in polarization of 
ceil membranes and thereby profoun 
atlects the 


endocardial pote ntial is similar to | 


electrocardiogram 


opposite in direction to the epicard l 
potential. It is for this reason that 
the presence of a transmural intarctior 
the changes are opposite in direction ti 
the 


recording endocardial potential throug! 


those in normal because we 


an electrical window. In the presel 
of subendocardial infarction with va 
ing degrees of intramural and ¢ picard 
infarction there is produced a combi: 


tion of epicardial ind endocardial 
fects which in varving degrees tend t 
resulting in th 


Fig. 1B 


An excess ot potassium in the se 


neutralize one another 
intermediate pattern 


apparently affects first the repolai 
Wave and S1 
attains the t 
range when the depolarization (QKS 
is affected. Whether this is due enti 


to alterations in potassium in the ser 


tion mechanism | 


ment) long before it 


or to an altered relationship betw 
extra intracellulan 
difficult to state The available 
suggest that the T and ST changes are 
the result chiefly of an 


potassiun 


increase In 


extracellular potassium concentra 


because the T and ST changes o 


occur very soon after the beginnin 
the administration of potassium 
ride, at which time a rapid initial ‘is 
in serum potassium!’ would appea 
indicate that very little potassium 
entered the cellular phase. It has | 


suggested that the lethal dose of p 


sium is attained when potas 
reaches a certain critical level ir 
serum’, During the stage of acut 


( t¢ 
: 
| 
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tion and probably other types ot 


te heart damage) due to necrosis 
death of cells there is a local liber- 
ition Of potassium which bathes not 
the injured cells but the border- 
zone of relatively uninjured tissue. 
profoundly affects their function 


electrical potential. When potas- 


) 1 is added from without to the 
| litions that already exist a critical 
but level would be reached earlier 
| » would occur in a relatively normal 
eart. This may at least partially explain 
lower serum potassium concentra- 
n it death in severely injured hearts 
ig acute infarcts and the higher 
oncentrations Observed at death in 
he normal and healed infarcts. Potas- 
1 concentrations in excess have been 
vn to reduce the excitability of 
and in still higher concentra- 
to block nerve conduction. It is 
robably by a similar mechanism that 
brane h blow k ot increasing grade 

duced 
We are unable to explain why con- 
ion in the right bundle branch fails 
3 anv cases before the left. The 
opment of intra-auricular block is 
5 robably dne to a mechanism similar 


it observed in the ventricles, and. 
e of the 


ibiv occurs at 


S smaller muscle mass, it 

| a somewhat lower 
ntration 

Reversibility of Potassium Effects in 
lectrocardiogram. It is interesting 
in the presence of normal renal 
ion that the potassium effects are 

reversible when 


easily even 


toxic stages are attained ( Fig. 


here are apparently no cumula- 
flects of potassium as with digi- 
ind the 


immediately 


maximum effects are ob- 
vy at the time of its 
istration. Rapidity and complete- 
reversibility of effects have an 


tant bearing on the clinical prob- 


elative to potassium administra- 
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Relation of Experimental Observa- 
tions to the Clinical Problem of Hyper- 
potassemia. It is difficult to relate all 
of these findings to the clinical prob- 
lem: however many of them can be cor- 
related with changes observed in the 
human. The initial effects of potassium 
later 

observed in 


effects 
the 
human. The reversibility of electrocardi- 


administration and toxic 


are similar to those 
ographic effects upon cessation of ad- 
ministration has been observed in the 
human, even in the toxic range. The 
experimental data suggest that the use 
of potassium to differentiate between 
the inverted T 
farction and other conditions, as sug- 


wave of mvocardial in- 


gested by Sharpey-Schafer'*, is of limit- 
ed value in the human subject; its 
use is probably not without some added 
risk. Hyperpotassemia in the human 
subject is usually complicated by the 
presence of an altered metabolic and 
electrolyte state which includes altera- 
tions in phosphates, sodium, calcium 
and magnesium. These add to the com- 
plexity of the clinical picture and elec- 
trocardiographic pattern. 

Summary. |. The effects of potassium 
adminstration on the electrocardiogram 
in 31 dogs are reported. Of this group 
there were 9 normal dogs, 12 with acute 
infarcts, 6 with healed infarcts, and 
the endocardial potentials of the left 
ventricle were determined in one nor- 
mal animal and in one with an acute 
infarction; the the 
reversibility of —electrocardiographic 


determination of 


effects after toxic doses was determined 
in 2 dogs. 


2. Three and ST 


changes were observed: a, normal, con- 


patterns of T 


sisting of increase in amplitude of T 
wave with narrowing of the base and 
depression of the ST segment; b, inter- 
mediate type, observed in hearts with 
infarcts which involved chiefly 
the endocardial portion of the left ven- 


small 


tricle, consisting of diminution in ampli- 
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tude of the T wave and inversion of the 


l wave. The amplitude of the T wave 


remained small: c, acute infarction 


pattern, observed in transmural in- 
farcts and characterized by an increase 
in amplitude of the inverted T wave. 
its configuration practically an inverted 
image of that observed in the normal 
Subsequent toxic effects which con- 
sisted of bundle branch block, 


lar tachyeardia, and bradycardia were 


ventricu- 


observed in both normal and infarcted 
dogs 
3. The 


in normal dogs was cardiac arrest. In 


terminal cardiac mechanism 


those with mvocardial infarcts. death in 


This work 


was aided by a grant from the | 
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Pure recent advances potassium 
erapy in patients with hypepotas- 
nia and other disease 
Ve emphasized the need for a safe 
ethod for the administration of this 


The problem of determining the 


herapeutic range and early toxic ac- 


n is .of considerable importance. 
vemical estimation, while highly de- 
ible. is not always available initially 
during the various phases of potas 
m administration. There is little evi- 
nee at hand relative to the variation 
the toxic effect of potassium in the 
sence of myocardial damage, as 
npared to the normal. Recently 
inton and Tarail'? commented: “The 
ited « xperience with potassium ther- 
in patients with organic cardiac 
ease and associated potassium deficit 
mits ho comment concerning pos- 
le cardiac contraindications.” In view 
the well known toxic effects of this 
it seemed to us 
isable to accumulate additional data 
tive to the early toxic effects, mar- 
of satety and the extent to. which 
e factors are modified by mvo- 
lial damage. 
\s potassium produces its toxic effect 


Hy on the heart, and as this elec- 


trolyte is generally administered to pa- 
tients with varving degrees of myocar- 
dial damage (factors which could con- 
ceivably alter the toxic dose) we have 
studied the dog further to elucidate 
this point. 

Winkler, Hoff and Smith? first corre- 
lated the electrocardiographic changes 
which followed the administration of 
potassium with the serum concentration 
of this cation in the normal dog. They 
found that alterations in the T wave 
appeared at concentrations of 5 to 7 
mM. per liter, depression of the ST 
segments at 8 to 10 mM. per liter, be- 
ginning intraventricular block at con- 
centrations of 10 mM. per liter, disap- 
pearance of the P waves at 9 to 11 mM. 
per liter, and cardiac arrest at 14 to 16 
mM. per liter. Since only a_ few 
samples were taken by these authors, 
most of these values were obtained by 
interpolation, using the assumption that 
the concentration of potassium in the 
serum increased linearly with time. 
These findings were similar to those 
later observed by other investigators**. 


Material and Method. A total of 28 dogs 
weighing from 10 to 19 kg. was used for 
these experiments. The following types ot 
experiments were performed: 


( 247) 
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rABLI NUMBER AND TYPES 
OF EXPERIMENT 
Number 
Nor 8 
Acute Infarction (24 to 48 hours 
ronary artery ligation 12 
Le i sta ot mvocardial 
farct 10 to 36 davs 
wary ligation 
Determination of reversibility of effects 2 
| 28 
I 1 Was given intravenously to these 
LO of an isotonic solution. 1.14 


q- per liter per minute) until death 


S Practically continuous electrocardio 
crap CT ngs were taken with a Sanborn 
Visocardiette during this period Control 
le I grams consisted of Le ids .. 2 

| the precordial Leads CR1, 2. 3. 4 


1) ring the recording ontinuous 


ti ngs, Leads CR3 or CR4 were used he 
1use they show the most marked change 
\ trol samph of blood was taken fro 
the femoral artery befor potassium was 
give} id additional samples were taker 
ereafter, simultaneously with Significant al 
terations in the electro irdiogram final 
samp] vas taken immediatelh upon death 
t the ul. In all, from 4 to 8 blood sam 
pl S were collected during Cal h experiment 
se § ipl Ss of arterial blood were collected 
! ( ringes for electrolyte dete rmination 
ntration of potassium was deter 
ned the Beckman flams photometer For 
spe len, a Minimum of 3 readings was 
ich reading being iccompanied by 
reading of the standard closest to that’ of 
he sample. Duplicate estimations 


were per 


rorn standards iS pre pared contained 
| trichloroaceti icid in concen 
trations closely ipproximating that in the 
d pr nized specimen Recoveries ot potas 
ium Ided to serum varied from 98 to 1009 

\ continuous record of the blood pressure 
was introducing a cannula in the 
remor irotid artery and th change 
in bl { pressure were correlated with the 
electrocard gram and the level of the serum 
potassit Fig, 3 

lhe following tvpes of light anesthesia 
vere used in determining response to potas 
slum: morphing sulphate lO mg per kg. in 5 
dogs, and intravenous sodium pentobarbital 
in the remainder Artificial respiration by 
trache innula was used in all dogs under 


sodium pentobarbital anesthesia. but not in 


( rpl Ze d dogs 


which myocardial infarction was 


roduce were prepared in the following 


IGER, GAZES: 
manner: the inl is were imesthetl ed by 
idministration of Nembutal or ether. Artifi 
respiration was instituted The hest 
opened ind the heart eXpost | oper 
the pericardium rl interi lescend 
branch ot the left ronary irtery ind 
were doubly ligated close to their point 
origin in the first 5 dogs. In the remair 
14 animals the anterior descendi: coro! 
Was dissected tree t point } | | 
from the origin and the artery a eli 
Chis operation u produced larger 
tarctions 
Che response nimals ¢ pota 
Was tested if Vary riods tt pel 
iS indi ited in ‘| Follow le it 
the in val trom 
he irt was refully ined 
the infarct noted | t 
categories (Fig. 1). A Grade 1 infarct im 
only small port I the t 
with the subendo rc portion eh, 
muscle A Grade 2 farct involved a 
what larger area. A ¢ le 4 infarct wa 
largest infarct en | | | 
of the interior portior the left entr 
extending to the lateral wall A Gr 
infarct was intert liat between Grad 
to 4 
In 2 « perim 
effects was determined | idministerit 
tassium until the t wine electr 
graphic effects wer ted: tall T w 
initial bundle bran | k. and 
intraventricular nduction def \\ 
these effects were bserved. pot hh 1, 
istration was stopped til the ECG ret 
to normal Phe the 
until a further sta t t I 
ministration again stopped until an in 
ble stage ired 
Results. The Effect of Acute M 


cardial Infarction on the Serum Let 
at Death. Normal dogs died with ser 
potassium levels which ranged ti 
13.9 to 18.0 mEq. per liter (aver 
16.5 mEq. per liter Table 2 and | 
2). Dogs with Grade |] 
similarly to normal dogs and died 
serum potassium levels between 17 
and 18.2 mEq. per liter 


infarcts react 


average 


mEq.). Dogs with Grade 3 and Gra 
infarcts exhibited a definite dimir 
tion in potassium tolerance. Dogs w 
Grade 3 infarcts died with serum pot 


sium levels ranging from 10.5 to I 


| 
| 
Dogs 
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i illusts ites the ipproximate areas involved in the Various grades ot 
A Gy | infarct involved the anterior apical portion of the left ventricle and 
ndocardial portion of the heart as well. A Grade 2 involved a still larger 
Grad extended over most:of the anterior portion of the anterior wall of the 
rf \ Grade 4 was the largest infarct observed and involved practically the entir« 
tt ventricle extending trom the anterior to the lateral wall and occasionalls 

ng the right ventricle near the interventricular septum 


FABLE 2. CORRELATION OF SIGNIFICANT ECG CHANGES WITH 
SERUM CONCENTRATION OF POTASSIUM 


Serum Con 


Control Tnitial BBB Vent. Ta hy at death 
\ Dog No mEq. 1 mkq. 1 mkq. 1 mkq | 
13 3.13 11 6 
11.4 162 
2) $ 1 18.3 
22 46 10 2 0 16 6 
Mean 4 1] 8.2 16.5 
tion 4 8.9 iz .4 
4 $.2 12.9 Is 2 
Mean 8 6 79 
ada @ 11 12.7 
to 354 12 6 
$25 6 40 16.6 
6 80 10 25 15 
Mean 11 4 4 
rrade 4 7 > 0 9 1 
72 70 90 
17 O35 4 4 
Mean $ 58 7.0 9.7 9.5 
1 Is 10.9 11.9 18.0 
le 2 23 + 41 10.9 19 9 
46 19 11 4 13.1 
26 10.0 18.1 15.3 
27 4 18 .2 14.3 15.1 
344 11 4 13.0 14.4 
Mean 10.8 12.9 14.4 


(rade 


NOR 
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GRADE OF INFARCT 
I ihe serum pot issium concentration at death is pl itted t the grace f intarct 
X ks dogs with acute infarctions; 0 dogs with healed infarct It will b bserved t 
level potassium it rar ith 1S signif ti low I t ( ice il 
nfarcts than in the nor tr 
mEq. per liter (average 13.4); Grade 4 concentrations of potassium in the m 
dogs died between 9.1 to 10.4 (average mal animals and those with moder 
95). It is evident from Table 2 and and large infarcts is th comparison 
Fig. 2 that dogs with moderate and the serum concentration with progres 


severe grades of acute mvocardial in- 


farction died at lower serum concentra- 
tions of 


potassium than the normal 


controls. In general. the serum level 
at death was lower in the animals with 
the largest infarcts. The statistical cor- 
relation between the grade of infarc- 
tion and the serum concentration § at 
death was 0.50 (p 00] 


The Serum Level at which Intraven 
tricular Block \ppeared More. striking 


than the comparison of the lethal serum 


sive electrocardiographic effects in t 


normal dog and in dogs with m 


cardial infarction. When potassium 
given to a normal dog up to the po 


of death, 4 chief changes are obser 


in the electrocardiogram with prog 
ot ettects 
wave S] 


sion tox These consist 


ad, 


initial 


chang 
block 


progresses to marked degrees of wid 


and segment 


intraventricular wh 


ventricular tachveardia: d. de 
by ventricular fibrillation® or ventric 


Ing; Cc, 


* Wiggers!* has pointed out that the fibrillation resulting from potassium administrati: 
wer and coarser than that resulting from faradic stimulation. In potassium fibrillation 
wa ire more regular in course frequency ind velocity 


\ 
] 
| 
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INFARCTION 
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\BLE 38. THE CORRELATION OF THE ECG CHANGES WITH THE SERUM POTASSIUM 


LEVELS IN A NORMAL DOG, AN ACUTELY INFARCTED DOG, 


INFARCTED DOG 


Serum 
Rate ol Sa n ples 
Weigl font. of Duration Injection taken af 
f Dog AC 1.14 of eco kg. lere.c. of Serum k 
fed (¢ min mkq 
Norman Doc 
9 0 0 352 0 87 
26 7 90 
S7 7 
12 2 
204 
S06 | 
S46 Is 0 
$56 Is 3 
Acute Grape + 
14.2 71 40-2 60 0 3.72 
124 7 00 
Iso 7 40 
150 7.70 
162 30 
171 9 00 
Grave 3 
283 28 9 65 0 44 
7.74 
116 9 90 
150 107 
228 ll 4 
] 245 0 
265 
14 4 
ie udstill. Table 3 shows the correlation — intraventricular block appeared initially 
ina t the electrocardiogram with the serum — was 11.3 mEq. per liter for the normal 
a el of potassium in 3 representative dogs, 8.6 for dogs with Grade 1 in- 
— experiments: in normal dogs with acute — farcts, 7.2 for Grade 3 infarcts, and 7.0 
» the irction, and in dogs with healed for Grade 4 infarcts; ventricular tachv- 
mi cardial infarction. While T wave cardia also developed at a lower con- 
mM ST segment changes are evidence centration in the infarcted dogs, but 
‘ potassium effect which occurs with this arrhythmia was difficult to corre- 
ies increasing concentration of potassium, late with serum levels because it was 
smal consider the occurrence of intra- not present in all dogs and was tran- 
ct tricular block as a definite toxic sient in character. 
elect and progessive electrocardio- We were unable to find any signifi- 
al g iphic changes as evidence of increas- cant correlation between the dose of 
id ins toxicity. From Table 2 it will be potassium chloride administered per 
rae | that the initial and progressive kg. of body 
ctrocardiographic effects develop at potassium level at death. This con- 


weight and_ the 


AG ( hang 


Normal 

Initial T wave 

ST segment de- 
pressed 

s-A Block 

L.V. Block 

Vent. tachy 

Slow idiovent 
rhvthm 

Vent. standstill 


Normal 

Block 

Slow rate 

LV. Block 

Slow idiovent 
rhythm 

Vent. fib 


Normal 

Initial T change 
S-T depression 
s-A Block 
Early LV. Block 
Wide LV. Block 
Vent tachy 
Vent fil 


AND A CHRONICALLY 


of 
Infarct 


None 


72 hour 


$32 days 


serum 


er serum levels of potassium in dogs firms previous work in dogs*® and in 
wh acute infarctions. For example, the — cats*. As has been reported, the cardiac 


in serum concentration at which changes appear to be correlated with 


| 
] 
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the level of potassium in the serum, 
rather than with the total dose of this 
cation given 

The Effect of 


Infarction on the 


Healed Myocardial 


Tolerance to Potas 


sium. Six dogs were given intravenous 


potassium in the manner described dun 
ing the healed stage of mvocardial in- 


farction, 1 month or more followir 


ligation of the anterior descending 
branch of the left coronary § artery 
From Table 2 it can be seen that in 


cluded in this group were 4 animals 


vith Grade infarction, one with 
Grad and one with Grade 1 
infarcts. These chronic infarctions gen 
erally tended to be smaller in size than 
the acute infarctions because of the 
he iling that had occurred None ot 
these dogs appeared clinically to be 


embarrassed by the infarction 


inv animal 


nor Was 
in cardiac decompensation 

n dogs with Grade 1 and 2 healed 
infarctions the concentration of serum 
at which significant electro 


potassium 
irdiographic alterations and death o« 
curred not differ from the 
obtained in the normal control animals 
the 
serum potassium at death in dogs with 
Grade 3 infarcts tended to be 
mEq. per liter. This difference 
was not found statistically significant. 
The Reversibility of Potassium Ef 


rects 


did values 


Howevel! mean values for. the 


lowe I by 
about 2 


It is important to know how fa 
the electrocardiographic evidence of 
potassium toxicity can develop and still 
permit return to normal upon cessation 
of the potassium administration. In 2 
experiments the dog was able to make 
a complete recovery after the appear- 
ance in the electrocardiogram of: a. T 
wave and ST segment changes: h, initial 
bundle branch block and progressive 
intraventricular block: and ce. rapid ven- 
tricular tachycardia. After a slow idio- 
ventricular rhythm with marked widen- 
ing of the QRS complexes had occurred 
the reversible. This 


process not 


Was 
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observation may have some bearing o1 
the clinical administration of potassium 

Relation of Potassium Administratio 
in Serum Concentration. hh 
Winkler Hoff an 


the electrocardi« 


in hyperpotassemi 


to Increase 
} experiments 
Smith?” 


graphic changes 


correlated 


with the serum concentration of thi 
cation. This work was done only in 
normal dogs and the correlation of 


these values was obtained by inte rpol 


tion. These investigators plotted th 
tim 
and were able to connect their 3. o1 
Thus they as 


In serum potassiut 


serum potassium levels against 


points bv a straight line 
sumed that the ris 
function of 


concentration was linear 


time. This enabled them, by interpola 


tion. to arrive at the serum concentr: 


ing the administra 
Since the 


rise in serum potassium would de pen 


tion at anv time din 


tion of potassium chlorice 


upon seve ral factors, such as the rate 

the 
potassium that mov 
unlikely th 


the rise in serum potassium would be 


urinary excretion percentag 
of administered 
intracellularly. it 


SCCTNIS 
simple linear function. Fig. 3 illustrat 
the rise in serum potassium plott 


against time in oul experiments mn 


normal dogs. These curves are 1 
linear and tend to show an initial ris 
concentration then 
followed by 


valu 


In potassium 
tendency to plat 
terminal ris All potassium 
shown in the Fieure were obtained | 
chemical estimation 


The 


lows a 


which f 


potassiu 


serum concentration 


single injection of 
ho behave 


Within 15 


jection of 


a simple mann 
to 25 minutes after the i 
radioactive potassium 
serum concentration falls toa minimu 
value, a large portion of it entering t 
followed by 


liver cells, and this is 


secondary rise reaching a maxim 
value 40 minutes after injection’ 
Blood Pressur 


of the blood pressure with the vari 


Changes. Correlati 
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lectrocardiographic alterations during pressure tended to decrease slightly 
the administration of potassiumrevealed during the more marked grades of 
; the following: during the T wave and — bundle branch block; with the onset of 
ST segment alterations and during the ventricular tachycardia, there was usu- 
nitial stage of intraventricular block, ally observed a sudden fall in blood 
the blood pressure did not vary signifi- pressure to about one-half the control 
uitly from the control level; the blood — value: the pressure rose with the end- 
I 
Phi ntinuous blood pressure records in a normal dog during the administration of 
It will be noted that the decrease in blood pressure was relatively slight during 
wave changes and showed a definite downward dip coincident with the development of 
4 tricular tachveardia. Thereafter the blood pressure tended to decrease gradually with the 
elopment of marked degrees of QRS widening. Ventricular standstill was the terminal 
mechanism at death 
ti 
- 
f 
= 
1 ) at 
5 
a 
| 
> 
a 
WwW 
t 
l 
5 iO 13 20 23 39 3S 4&0 45 85 
TIME (ma) 
\ 1.—The serum potassium concentration is plotted against time in 5 experiments on normal 
rhe rise in serum potassium concentration is not linear. Note the tendency toward 
i! and terminal rapid increase in serum potassium concentrations. The geometric figures 
0, et iperimposed on the curves represent the points at which serum samples were 


taken for potassium determinations 


| 
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ing of the paroxysm but did not reach 
the control value; it continued to drop 
with the increase in intraventricular 
the 


to zero with ven- 


conduction time and slowing of 
heart rate dropping 


tricular standstill or ventricular fibril- 
lation 
The End-Point 


which death occurs was difficult to ob- 


The exact point at 
tain in some dogs because of the rela- 
tively long periods (2 to 5 minutes ) of 
slow idioventricular beats. When more 
potassium was given at this time there 
resulted an increase in the serum values 
because of the low blood pressure and 
pool circulation. The estimation of the 
the heart 
blood at the time of death would prob 
ably 


seTum 


concentration from 


also abnormally 


give an high 
value for similat response. 
of the Normal 


From the evidence 


Discussion. Tolerance 
Do r te 
in the 


Potassium 
literature, as well as the experi- 
this 


clear that the normal dog can 


ments mentioned in paper, it is 
fairly 
tolerate relatively large doses of potas- 
sium given by the methods described 
The ECG is a fairly good criterion for 
judging the varving degrees of the toxic 
effects of potassium; although extreme- 
ly tall T waves occur during the initial 
stage of toxic effect, probably the most 
important clear-cut evidence of toxicity 
is the development of the initial grade 
of intraventricular block 

The rec ognition of the reversibility of 
effects is of 


as cessation of potassium 


potassium considerable 
Importance 
administration advanced 
grade of toxicity, will result in a quick 
return to normal. This agrees with the 
work of Hald, who used the isolated 
rabbit heart, Winkler, Hoff and Smith 


who LIS€ d intact dogs?” 


even at an 


, and Chamber- 
lain, Scudder and Zwemer" who used 
cats. When the concentration of potas- 
level 
and was allowed to fall again, the ani- 


mal 


sium in the serum rose to a toxic 


recovered completely. There is no 
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evidence from these experiments that a 
cumulative effect occurs; the maximum 
effect 
ing the administration of the cation and 


is observed immediately follow- 


tends to disappear rapidly when its 
administration is stopped. 

Infarcted Animals to 
Potassium. The presence of a small in 
farct (Grade | 
decrease the 

from the standpoint of the lethal dose 
there 


crease in the level at 


Tole rance of 


did not significantly 
tolerance to potassium 


However was a significant de- 
which even the 
infarcts devel- 
block as 
pared to the normal control animals 


(Table 2). A_ definite 


tolerance to potassium in animals with 


dogs with small acute 
oped intraventricular com 


diminution in 


moderate or severe grades of acute 
mvocardial infarction was indicated by 
at which they 
block and 
it death. Ani 


mals with severe grades of myocardial 


the serum concentration 
developed intraventricular 


the serum concentration 


intarction manifested electrocardio 


graphic evidence of toxicity similar to 


the normals. However, the stages over 


which the changes wer present were 


extremely short; for example, following 


the development of bundle branch 


block. ventricular tachveardia and ven- 
triculat fibrillation cle veloped rather 
quickly. The T wave changes in the 


presence of myocardial infarction are 
frequently slight and are not depend 
able as an early evidence of potassium 
effects. 

Relation of Observations in Experi 
to Clinical Problems 


These findings would suggest that in 


mental Animals 
the presence of a normal or relativels 


normal heart renal fun 
tion, slowly administered potassium is 
well tolerated. The 


wide. Experience obtained in humans 


with normal 


margin of satety is 


also reveals a similar wide margin of 


safetv. However. the above experi 


mental data suggest that in the pres 


ence of moderate and severe grades of! 
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icute myocardial infarction, the evi- 
dence of toxicity may occur at lower 
levels of strum potassium than with 
normals. This may well apply to pa- 
tients with myocardial infarction and 
other types of heart damage. 

Summary and Conclusions. 1. \Ilvo- 
cardial infarction does not gravely 
affect tolerance to the intravenous ad- 
ministration of potassium chloride. 

lsotonic potassium chloride (1.14%) 
was administered intravenously at a 
rate of 10 ce per minute to normal 


.dogs and to dogs with acute and 


chronic myocardial infarctions. Almost 
continuous ECGs and continuous blood 
pressure records were taken. Blood 
samples for electrolyte determination 
were collected immediately upon the 
development of significant ECG altera- 
tions 

3. Normal dogs died at serum concen- 
trations of 13.9 to 18 mEq. per liter of 
potassium. Dogs with minor degrees of 
mvocardial damage showed a_ lethal 
serum concentration similar to the nor- 
mal. Dogs with moderate to severe 
grades of infarction, both acute and 
chronic, showed a significant decrease 
in the lethal serum concentration of 
potassium at death. 

1. The development of intraventricu- 
lar block, which is taken to be definite 
evidence of potassium toxicity, devel- 
yped at a significantly lower level in 
ll types of acutely infarcted dogs 


Vhis work was aided by a grant from the 
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(Grade 1 to 4) as compared to the nor- 
mal. 

5. In 6 dogs with healed myocardial 
infarction there was significant 
change from normal in the serum con- 
centration at which intraventricular 
block occurred, but death occurred at 
a slightly lower concentration as com- 
pared to the normal control. 

6. No correlation was evident be- 
tween the quantity of potassium chlo- 
ride administered per kg. of body 
weight and the serum level of potas- 
sium at death. 

7. Following the administration of 
potassium to normal dogs the potas- 
sium effect was reversible up to the 
stage of a marked degree of bundle 
branch block and ventricular tachy- 
cardia. 

8. With the method of potassium 
chloride administration used in these 
experiments, the rise in serum potas- 
sium concentration did not appear to 
be a linear function of time. The fol- 
lowing sequence was usually seen: an 
initial rapid rise, then a tendency to 
plateau, followed by a terminal increase 
in slope. 

9. The significance of these findings 

tolerance to potassium with a normal 
cardio-renal system, evidence of toxicity 
at lower levels of serum potassium in 
the presence of acute infarction, and so 
on—relative to the clinical problem is 
discussed. 


S. Public Health service. 
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BERNHEIM’S SYNDROME 


CONSIDERED IN 


rHE LIGHT! 
4 4 


OF A FATAL CASE® 


By E. B. 


WiLson, 


AND 


COLUMBIA 


the 


that isolated 


left ventricle 


lr is well recognized 


failure of the 


is of much 
than 


ventricle. 


more trequent occurrence 
failure of the right 


xcept. in clinical 


pri- 
nary 
W here 


those states 


undue burden is pk iced on the right 


entricle, as in mitral stenosis or in 
hronic cor pulmonale. 
iated that right 


mav be chiefly re sponsib le for the 


It is also appre- 
ventricular failure 

signs 
ind symptoms that may 
left 


points out, the essen- 


appe ar even 


when preceded by sided failure. 


iS \\ hite? 


evidence ot 


tial 


¢ ithe r ventric le 


progressive weakness 
is congestion behind 
hat ventricle 


ite as to the 


it is interesting to specu- 
mechanisms involved 

dilatation 
nd hypertrophy of the left ventricle 


s manifested 


thy 


cases in which massive 


clinically by 
ent of the great veins 
little or 


engorge- 
and even 


inasarca, with no pulmonary 
ongestion 
Bernheim 1 1910 observed a series 
tr cases at necropsy in which, de ‘spite 
reat hypertrophy and dilatation of the 
eft ventricle resulting from hyperten- 
ion and arteriosclerosis, the primary 
linical finding was severe 
ent of the 


f engorgement of the pulmonary Vas- 


engorge- 
great veins in the absence 
ular bed as might have been e xpected. 
revealed that the greater 
of the right ven- 


lis studies 


ition of the cavity 


* Published with the permission of the Chief 


Medical Service 


ZIMMERMAN, M.D. 
SOUTH CAROLINA 


Veterans Hospital 
tricle had been markedly reduced by a 
greatly hypertrophied interventric ‘ular 
septum. By bulging convexly into the 
right ventricle, the septum hi id reduced 
the apical portion of the right ventric- 
results 


ular cavity to a mere slit. The 


of his findings led Bernheim to describe 


the syndrome which now bears his 
name. 

There appears to be considerable 
doubt as to the actual importance of 


the concept of Bernheim in the expla- 
nation of this apparent paradox. In sup- 
port of it are Fishberg’s® observations 
on cases of long standing hypertension 
svstemic 


or aortic stenosis with severe 


congestion which, showed 


remarkable 


ventricular 


at necropsy, 
quite obliteration of the 
right cavity by a 
hypertrophied interventricular se ptum. 


He thinks, 


strongly 


bulging 
as we do, that such cases 


support Bernheim’s view. 


and Prince® cite 
mental evidence in which perfusion of 
the left ventricle. 
pressure and output, resulted in a dim- 
inished output from the right ventricle. 
They attribute this to displacement of 
the interventricular 
interfere with right ventricular filling. 
On the other hand, Evans and White* 
recently reported on a series of patients 
with grossly hypertrophied hearts in an 
effort to evaluate Bernheim’s syndrome. 


Henderson experi- 


with increased filling 


septum so as to 


Medical Director, Dept. of Med. and Surg.. 


issumes no responsibility for the opinions expressed or conclusions drawn by the 
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thor 


WILSON, ZIMMERMAN: 


Correlating the necropsy findings with 
the clinical history, they could find no 
instance of early signs or symptoms of 
isolated right sided failure. They con- 
cluded that thev had vet to encounter 
any unquestionable cases of so-called 
their 


all cases of right sided 


Bernheim’s syndrome. It 


belief that in 
failure in the group studied, left sided 


Was 


failure with pulmonary hypertension 
had preceded systemic venous engorge- 
ment and was therefore etiologically 
related to the latter. We heartily agree 
with the concept that left sided failure 


is the most frequent cause of right 


sided failure, especially in hyperten- 
sive, arteriosclerotic disease. However, 
we do feel that there are some cases 
ot hype rtensive and_= arteriosclerotic 
disease or cases of aortic valvular 
disease in which, even early in the 
course of the disease, the signs and 
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failure fat 


sicle d 


symptoms of right 
outweigh, in clinical significance, the 
minimal, (if present at all) evidences 
of left Such 


is a case that we are about to report. 


ventricular insufficiency. 


Case Report. I. G. (60.56) i 5S vear old 
idmiitte 


LO4AS. 


d to the hospital on 


ppt ire d moribund 


hnevro mal Was 


sé pte mbet 


coherent history was unobtainabl it 


ind a 
first. Later, during a_ brief rally, he com 
plained of generalized swelling of the entire 
lower half of the bod Phe inasarca Wa 
preceded by exertional and occasional nox 
turnal dyspnea whi intedated — the 
edema by a 6 month perl 

On physi examinatior e appeare 1 well 
developed hie Was il flat without 


my respiratory difficulty. His sensorium wa 
clouded as to. nd plac Cher Wa 
edema ot the hace ind Der rbital tisst S The 
neck veins were marked distended and pul 
sating. The chest was etrical and expan 
sion was equal Lhe ussion. note Va 
resonant tl roughout | tile ind vocal fre 
nitus were norma | tl \\ 
sicul Te I Neal 


Massive left ventricular enlargement without pulmonary congestion (14 


4 
3 
- 
ig 
4 
teh 
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Phe heart was 


vreatly enlarged to the left, 


he lett border was located in the anterior 
illaa linn There was a coarse diastolic 
rill telt over the entire precordium Phe 
ivthm was regular sinus. The sounds were 
istant. A rade 4 diastolic murmur was 


rdswaN lly over the second interspace 
thre I ol 


The blood pressure Was 138/62 


sternum. P2 not 
enlarged and the hepatojugular 
sitive \ 44 pitting 
ided trom the sacrum and genitalia down 
id to it ve both legs in their entirety 


ec Wha 


admission reve ale d 


The 
LOO cx 


studies on 


nol ul count blood urea nitro- 

A random urine 
abnormalities Phe 
2+, the 
gative. Roentgen-ray ex- 
na hest revealed marked 
irgement of the heart to the left and right 
here wa ht dilatation of the arch of the 
there 


ot pulmonary conges- 


per 
Col wed no 
Was reporte d as 


Wassermann was me 


orta. The ings were clear was no 
idence 
irdiogram indicated left ven 
trophy and _ strain 
The patient was 


talized 


were 


placed In an oxygen tent 


with digitoxin, and mer- 


administered indi- 
a briet rally, his course 
re 


findings—the 


Was 


vsical 


were no. significant 
lungs re- 
auscultation 
there 


ck vree ot anas- 


to pe roussion and 


spitalization and was 
ttle reduction im the 


irca e patient died on the 9th hospital 


Necro} W 
JS WOTE 
940 


JOI Pulmonary 


M.D The 
as follows: The right 
lett 400 gm. The 
arteries and veins and. the 


Sunpson, 
ertinent 

weighed gm., the 
revealed no abnormalities. On 
it section, the right lung revealed discrete 
involving patche s of lung tissue 
These areas 


djacent to the terminal bronchi 


ere largely confluent in the right lower 
be which was greatly increased in con- 
tency and ippeared to be generally con- 
lidated by the The heart was 


process. 
enlarged with preponderant hyper- 
left ventricle. The great veins 

the neck and the were 
remarkably distended by blood. 
There did not appear to be much difference 


trophy ot the 
I auricle 
coagulated 


right 


the two atria as they were opened in the 
cceid state; unfortunately, the walls of the 
itria measured. On the 
lisproportionate hypertrophy of the left ven- 
was even more striking, its wall meas- 
to the 0.5 


were not section, 


as contrasted cm. 


ring cm 
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thickness of the right ventricular wall. The 
interventricular septum was markedly hyper- 
trophied and measured 3 cm. at its thickest 
portion. It projected into and obliterated the 
right ventricular cavity, which appeared as a 
mere slit. The mitral tricuspid and pulmonic 


valves normal 


wer The aortic valve cusps, 
except for minimal calcification along the 
line of closure, were also normal in appear- 
ance, The commissures were not widened 
Ihe sinuses of Valsalva were markedly in- 


orifices were 
patent, as both 
Several atheromatous plaques were present 


were the 


creased in de pth coronary 


lumina of vessels. 


along the course of each major branch. No 


actual occlusion was noted. 
The 


dilated in its proximal posterior portion. Upon 


aorta was greatly and symmetrically 


opening it, there was noted a transverse teat 
with sharp cleanly cut edges extending trans- 
versely across and involving the intima and 


medial layers. The intima was separated at 
this point by approximately 0.5 cm. and was 
thin laver of fibrous 
and adventitia. There was a mod- 
erate degree of atheromatosis with plaques 
mottling the intimal surface of the proximal 
portion, There luetic 


aortitis. The arch of the aorta with its major 


supported only by a 


scar tissue 


was no evidence of 

branches and the descending aorta were each 

diffusely involved by proc- 
There 
major arterial branch. 

The liver weighed 980 gm. On cut surface, 

there were noted contrasting areas of yellow 


an atheromatous 


eSS was no occlusion or anomaly of 


any 


parenchyma and dark red lobular centers. 


Microscopic studies revealed extreme en- 
gorgement of the central lobular area through- 
a wide zone of central necrosis. 
Anatomic Findings. 1, 
aorta with the 
Hypertrophy and dilatation of the heart; a, 
marked distention of right auricle by coagu- 
lated blood; b, wall of left ventricle measured 


inter- 


out with 
Atherosclerosis of 
coats; 2, 


rupture of inner 


3.5 em., of right ventricle 0.5 em.;: c, 
ventricular septum was markedly hypertro- 
phied and measured 3 cm. at its thickest por- 
tion. 3, Bronchopneumonia, confluent; 4, 
Passive congestion of viscera, advanced, with 


central lobular necrosis of the liver. 


Discussion. On admission, a diag- 
nosis of hypertensive and coronary 


heart disease with 
severe congestive failure was recorded. 
The diastolic murmur of aortic origin 
was believed to represent “relative” 


luetic 


arteriosclerotic 


aortic insufficiency; however, 


| 
— | 
ted. 
pidly a 


WILSON, 
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with Insubhic lencyv as the prime Chcroaclhy upon 
etiologic tractor could hot be readily 


Was strikingly dem 
excluded Phe 


Onstrated to US at the 


Necropsy table 
patient was treated vVig- There appeared to be ver little resili 
rously fo; songestive failure. Ther ence of the right lateral ventricular 
was a total lack of response to the Wall and_ jt could not hy stretched 
therapeutic measures administered sufficiently to allow mon than a fey 
There was a peculiar lack of respira- oc, of blood to enter the cavity That 
distress throughout this patient's this stat, Of affairs could hay resulted 
hospitalization The oxygen Was admin- in a Significantly dj Unished right ven 
stered, howeve, tor the othe; aspects triculay filling resulting in a marked 
t his ©OnLestive failure elevation Of venous Pressure behind the 
The extrem, degree of Systemic ve- right ventricle appeared to us a likely 
ous Congestion when contrasted with explanation of the clinica] state 
the absence, OF pulmonary engorge We cannot “sree entirely with th, 
hen was the most noteworthy clinical rigid criteria Which Evans and White 
feature, W, doubted therefore. In the utilized In their ey iluation Of the 
ibsence of signs of left sided Insuff Bernheim svndrome. \W, believe, fo) 
including a Pulmonic second example, that the me systemic 
sound wh cl certainly Was not accentu Venous Cngorge nent the abse nce of 
ted, that right sided failure of this inv Clinically signiicant deore: ot left 
‘treme degre Was precipitated by sided failur, present OUr Case was 
insuff CnCV of the left ventricle nainly dependent lly t practically 
We hay treque nt oc¢ SIONS In the blite rated right Ventricular Cavity 
be npressed by th IMprove the wall of Which m, ‘sured slightly 
ent the manifestation of left sided ess than 05 cm Phe liver while 
sufficiency following right sided faj) severely engorged ¢ microscopic ex 
re. How r, almost Mvariably, ther, imimation, was also th, seat of con 
S unmistakab], evidence siderab]. fibrosis ind h enlarge 
an ine ipetent left ventric, eithe nent could hot have heen expected 
licited hy Phvsica] examination 0; The right lung Was the seat of a 
le ¢ lent by mere observation of onfluent bronchopner, ONla, not pas 
Che patient Phe re Was a total lack ot SIVe Congestion Its KK) om Wwe ight 
¢ l eC this Case. VW, did not therefor, IS ¢ \plain ib] n the basis ot 
wever definite], diagnos. a Bern inflammaton consolidat; 
S svndrom. but It was suspected It is furthe) {(pparent to us that iy 
Wi vere content With the more gen- Cases of this tvpe even the Presence. 
UiVve ace pted Concept of Prolonged ot a mild cle ores t left Ventriculay 
relative nild, left sided Insufficiency Insufficiency d es not necessarily jy, i] 
ully Ung in right sided hyper- idate the encept of Bernheim We 
(rophy ind failure with subsequent that ! il] bability our 
re lief Of | lmor iry hypertension ind Datient’s CO Dlaint short SS t 
ts dyspnea dependent bre ith prior to idmissi here nay 
rt icular failuy have indicated 4 failing left ventricl 
tp pe rs. tt howevey Il the We he lie ve th it sire h failure Was 
ght of th Hndings at necropsy, that mal, and its duration ind severity d, 
‘planation of the clini- not appear to us to e been th 
n NES would hecessarily entail Cent) significant to ha been respon 
f ept Bernheim That the sible for the subsequent COULrSs ot 
vent iT Cavity was serious]\ 


events Also if should } 


DoInted out 
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that nocturnal dyspnea, in the presence 
ot lett 
mav become manifest, as Dock* points 


mild ventricular insufficiency. 
a result of mobilization of sub- 
the 


this occurred 


out, as 


clinical edema when recumbent 


lf 


in our p itient. then the assumption that 


position is assumed. 


right sided “insufficiency” existed, o1 


ye rhaps even antedated, the left sided 
difficulty We 


toward the concept of Bernheim in the 


would be tenable. lean 


unfolding of this clinical picture. 

We would like to suggest that severe 
of this 
where anatomic evidence of right 


lian 


systemic congestion in cases 
tvpe 
ventricu cavity obliteration exists. 
may be explained quite readily on the 
assumption of interference with right 


We do not believe 


that this concept necessarily becomes 


ventricular filling 


untenable when it can be shown that 
slight left 


ig 
tainly in those cases where the latter 


sided failure co-exists. Cer- 


is absent. or questionable, as in our 


we believe that no better explana- 
of the 


suggested 


clinical has been 
We feel that the data pre- 
sented in this case are in keeping with 


tion course 


the concept of Bernheim and that the 
svndrome should not be dropped from 
the 


re ports 


literature. Further recorded clinical 


with careful necropsy correla- 
tion will aid in the ultimate evaluation 


this proble m 


advanced 


\ of 


hypertensive heart disease which clin- 


Summary. | case 
ically pres nted signs of systemic pas- 


congestion out of all proportion 
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to those of left ventricular insufficiency 
is presented, 

believed that 
left ventricular hypertrophy with the 
almost complete obliteration of the 
right ventricular cavity by the greatly 


is the eccentric 


hypertrophied interventricular septum 
offers a logical explanation of the clin- 
ical finding. 

3. The presence of a mild degree of 
left sided failure does not in our opin- 
ion invalidate the concept of Bernheim 
when anatomic studies disclose severe 
encroachment upon the right ventricu- 
lar cavitv. Indeed some degree of left 
ventricular insufficiency should be ex- 
pected, as the etiological factors oper- 
ating to produce Bernheim’s syndrome 
do so by their pathological effects on 
the left 

4. In 


Bernheim’s 


ventricle. 
our 


of 


made 


diagnosis 
be 


when, in the presence of any etiological 


opinion a 
svndrome may 


factor which considerable 


burden on the left ventricle and results 


causes a 
in its enlargement, the signs of svstemic 
venous engorgement far outweigh in 
clinical significance the manifestations 
lett When. this 
clinical at 
autopsy by the almost complete oblit- 
eration of the right ventricular cavity 
by 


of ventricular failure. 


state can be explained 


an extremely hypertrophied inter- 
ventricular septum, it is our contention 
that the concept of Bernheim has been 
fulfilled. 

5. We believe that in the light of 
the concept ' 


knowledge oO 
Bernheim should be retained. 


present 
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SUDDEN AND UNEXPECTED NATURAL 


DEATH. 


lil SPONTANEOUS SUBARACHNOID HEMORRHAGE 
By Mitton M.D 
AND 
S. M. Rasson, M.D.‘ 
NEW YORK, NEW YORK 
From the Office of the Chief Medical Examiner 
luis study on spontaneous subarach- and non autopsied. Analysis of the 


noid hemorrage is the third in a series 
of papers on sudden and unexpected 
natural death. The material upon which 
it 1 


s based comprises 2030 necropsied 


cases in the Borough of Manhattan 
division of the Office of the Chief Med- 
ical Examiner. New York Citv. from 
January Ist, 1937, to June 30, 1943 
The population of Manhattan, ac 


cording to the 1940 census. was about 
1.900.000 adult 


and 
91 


| 


predominantly 
three-fourths of it over the age of 
In addition, there are at am 
given time about 500.000 visitors in the 
city 


vears 


mostly adults who spend their 
Manhattan. Also during the 
working day at 


time 


and to a lesser extent 


night, many adults from the other 4 
boroughs of the city and from subur- 
ban communities add to the number of 


persons 


this borough. Negroes com- 


prise almost 16% of the fixed population, 
with all other colored races less than 

The introductory paper” of this series, 


which was devoted to general consider- 
and statistics, may be briefly sum- 
marized. Each contributed to the 
total of 2030 cases in almost exact pro 
portion to 


ations 


race 


its share of the population. 


Females, although comprising 51% of 


the population, made up about 19% of 
the total number of cases, a percentage 
li to that ot their in 


corresponall 
all medical examiners cases autopsied 


sex 


SS Sf ] seph Hospital Fort 


racial distribution by sexes shows that 


there were relatively more ¢ olored than 
white 


females, and correspondingly 


than th total 
proportion of Negroes to white persons. 


There was ly large contribu 


fewer colored males 


a relative 


tion from the first half-decade of life 
These deaths occurred chiefly in the 
first vear and were most often caused 


by respiratory infection. A small num 
ber of presumably natural deaths dur 


ing the first vear was encountered 


il 
which there was no satisfactorv causs 
of death. The next 15 vears contrib 
uted little. Beginning wih the age of 
20 vears, sudden and unexpected 
natural death became more frequent 


but with a smaller percentage in each 
half-decade of the total deaths than 


the corresponding half-decade percent 


age of the total. Then there was a 
steady rise, with the greatest incidence 
of these deaths between 45 and 54 


years. These two half dec ades, as well 
as that of 40 to 44 
vears, reveal a percentage of sudden 
natural deaths greater than the corres 
ponding half-decade’s of the 
population. 


and those over 55 


part 


Of the diseases causing death, thos 
of the heart and aorta were most num 
of the total 

respiratory 
the 
18%; the digestive tract and urogenital 


erous, comprising 45 
2030 The 


followed with 


ol 
cases. system 


nervous system 


\\ Indiana 


= 


HELPERN, RABSON! SUDDEN 
system together, slightly less than 104. 
lhe remainder consisted of a miscell- 
neous category, three-fourths of which 


was supplied by estivo-autumnal 
malaria Oct asioned during the years in 
question by the direct artificial trans- 
nission of that disease in drug addicts. 
\lore than a third of the sudden natural 
deaths in the respiratory group (8% 
of the total 


was caused by lobar 


Phe second paper'* of the series was 
levoted to artery 
reported that two-thirds of all deaths 
the heart and aorta 
were coronary arteriosclerosis. 
Relatively more deaths from the latter 
occurred in the older age- 
groups. In fact 30% of the entire 
material of 2030 deaths were furnished 
by it. In three-fourths of 
ind unexpected deaths from coronary 


coronary disease; it 


trom lise ot 


cit to 


lise 


over 
the sudden 
irtery disease. coronary arteriosclerosis 
ind not fresh thrombosis was respons- 
ble for the 

ther tourth 


fresh ot al 


vascular occlusion. In the 
thrombosis, not always 


coronary artery was en- 


ountered and an underlying sclerosis, 
usually of severe grade, was also pres- 


ent. Of the sudden deaths from coron- 


ary artery disease 90% occurred in 
vhite men 

Sudden and unexpected natural 
death in infants and young children, 


the fourth communication', is chiefly 
confined to boys and ordinarily is not 
encountered after the 3rd vear of life. 
In fact, of 69 patents less than 5 vears 


6 were older than 2 


ld only vears. 
Negroes are included far beyond their 
share of the general population; this 
phenomenon probably is not purely 
biologically Almost SOV of the 


leaths were attributed to respiratory 


racial. 
lisease. The role of the thymus is not 
et to be clarified, and enlargement 
annot be inculpated except for the 
ery 
‘tances in which the lethal factor could 


rare exception. There were in- 


AND 


UNEXPECTED NATURAL DEATH POS 


not be established; this was encoun- 
tered in infants 4 to 8 months old. 

The fifth report'’, classifying the 
causes of sudden and unexpected natu- 
ral death by sex and age, evaluated 
fatal factors in certifving sudden death 
where autopsy is not feasible or cannot 
be performed. 

In connection with sudden and un- 
expected death from — spontaneous 
subarachnoid hemorrhage the first fact 
recording is its relative fre- 
quency 17% of the total 
2030 necropsied cases of this series). 


worth 
(95 cases or 


This represents more than one-fourth 
(25.7%) of the 370 deaths from diseases 
of the nervous system. Spontaneous sub- 
arachnoid hemorrhage almost equals 
spontaneous cerebral hemorrhage into 
the basal ganglia as a cause of sudden 
natural death. Of the 95 subjects, 75 
were white, and 22 Negroes (Table 1). 
The latter incidence represents 23.2% of 
the series, or about 1% times the pro- 
portion (15.5%) of the black race in the 
population. Of the Negroes, 12 were 
and 10 females; among the 
whites, there were 47 and 26 
women. The total sex distribution was 
(1.7:1). This 


disparity would seem to favor the male 


males 
men 
59 men and 36 women 
sex if one considers that in the general 
population the ratio of the sexes is 
close to 1:1; but since the proportion of 
men to women in medical examiner's 
cases is 4:1, women actually contribute 
more than twice their expected share 
of this disease. 

Although recent papers call attention 
to the fact that spontaneous subarach- 
noid hemorrhage is not a disease of 
the young, contrary opinions are some- 
times heard on hospital wards. Hence, 
it is of interest to report the wide age 
distribution of the condition. In ad- 
dition to single cases in the Ist, 3rd, 
and 4th half-decades, the range is 
between 20 and 69 years. Beginning at 
20 to 24 years, and advancing by 5 
vear periods, the incidence of death 


| 
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from this cause is 4, 8, 15, 15, 12. 18 
t. and 2. Expressed as percent 
the 


the 


true contribution of e 


basis of the 95 cases in 


eS Oli 

the SeTLES 

i¢ 


ige-group to the disease can 


values are only slightly 
higher ich 
be evalu 
ated only if the proportion of the ag 


group in the general population is 


known. This is illustrated in Fig. | 
There are disparities in disease-co 
tribution and population-share the 
greatest furnished by the vears be 
tween 45 and 49, which. with 8.1% of 
the population, yielded 15.87 of the 


deaths from spontaneous subarachnoid 
| than 2 to 
is only 0.5 to 1 for the 


20 vears: at 


1emorrhage. a ratio of 


1. This 


halt-decade 


more 
ratio 


beginning at 


25 vears, 0.9: 30 vears, 1.6; 35 vears 
1.6; 40 vears, 1.5; 45 vears, 2.3; 50 vears 
35 vears. 0.S: 60 vears 65 
vears, 0.7 to 1. Fatal spontaneous 


subarachnoid 


hemorrhage, then, is a 


condition of maturity, occurring re! 


late 


espec ially 


itively most commonly in voung 


manhood und ll middle age 


in the latte pe riod. 
The 


subarac hnoid 


prominence ol spontaneous 


hemorrhage among. th 
diseases of the nervous system produc- 


In sudden OI 


natural 
death is striking. This is especially truc 


unexpected 


when it is recalled that spontaneous 


cerebral hemorrhags cerebral throm 


cerebral infarction 
] 


and 


bosis and embolism 


neoplasm and tuberculous sup 


purative meningitis are included in this 
More than one-fifth 22 29 


of nervous svstem maladies in the 


half 
ind D4 


ars 


stuclic S IS Caused 


categor\ 


decade between 20 
these 


subarachnoid hemorrhas: 


by spontaneous 
e. For the 


SUC 
ceeding halt-decades, the 


p ree ntage S 


ire as follows: 26.6 25 to 29 vears 
38.59 30 to 34 6.6 35> to 39 
21.4 10 to 44 95.4 5 to 49 
20.4 50 to 54 14.5 to 
14.3 60 to 64 and 11.14% 65 to 69 
yvears 


In the majority of Cases the source 
of the fatal spontaneous subarachnoid 
the 


saccular aneurvsm of 


hemorrhage was rupture of a 
cerebral artery 
corroborating the findings of Martland 
and of Most of — th 
the present 


bifurcation 


others 
aneurysms encountered in 
found at the 
cerebral arteries 


series 
of the 
the 
considered that the lesions are acquired 
the combination of 

focal weakness in the 


were 


and were of 


tvpe described b Forbus whi 


ind arise from 


wall ce 
pendent on a congenital defect in the 


\ essel 


muscularis at points of bifurcation, an¢ 


=| - 
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subst quent degeneration of the internal 
due to continued overstretch- 
thie ot 


an embrvologic 


elastica 


ing by force blood pressure. 


study of the 
showed that 
tre- 


anterior 


Base d Ol 


cerebral arteries, Bremer!’ 
including those 
the 


well 


Aneurysms 


(jue ntly encountered on 
i 


ommunicating artery as as the 


rarer ones which are occasionally seen 


is saccular protrusions along the course 


of some of the cerebral arteries, are 
ictually congenital in’ their develop- 
nent and already existent the 


embrvo and at birth. He also empha- 


sized that the anterior Communicating 


POO 
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this series and also their relatively late 
appearance. 

Simpson’ also pointed out that the 
aneurysms should not be characterized 
as congenital, since they are not pres- 
ent at birth, and sugge ested that they 
be designated He 


reported finding an aneurvsm in 78% 


as developmental. 


of cases of spontaneous subarachnoid 
hemorrhage and recommended the use 
of stereoscopic dissecting glasses and 
perfusion of the vessels in cases where 
the ot 


found. Whether the aneurysms are con- 


source bleeding is not easily 


sidered congenital or acquired on a 


POPULATION 


é[] 
Ait MO 

25-29 30-34 35-539 4O-4¥ 45-49 55-59 60-64% 65-69 
| tave distribution, by half-decades and sex, of population of Borough of Man- 
t N York City 1940) Census and of 95 cases. of spontaneous subarachnoid 

hemorrhage 1937-1948 
rtery is rarely a single vessel, but congenital — basis, post-nati il circum- 
ictually a plexus of vessels correspond- — stances m: iy enhance their production, 
ng to the original c apillary plexus from size, and probability — of rupture. 
wii h it is develope ‘d and that deve lop- Aneurysms were often found associated 
nental disturbances incident to the with other anomalous formations of 
formation of these vessels give rise to the circle of Willis. 

the saccular aneurysms. He, as well Carmichael* in studying the cerebral 
thers’, did not accept Forbus’ ex- vessels observed defects in the elastic 


lanation that aneurysms develop at 
ints of bifurcation primarily because 
t congenital muscular defects at these 
ites. Nevertheless, the mechanism pos- 
ulated by Forbus explains most satis- 
the 


the 


actorily location and character of 


ot 


nost 


aneurvsms encountered 


the internal 
well the 
medial muscle, and was of the opinion 
that the deficiency of one could be re- 


tissue concentrated — in 


elastic membrane, as as in 


sisted by adequacy of the other. He 
concluded, however, that “not one of 
these conditions, by itself and in its 
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ordinary form 
tol the 


cerebral aneurysm 


provides sufhcient 


basis tormation of a sacculat 


The cause of these 


aneurvsms must therefore be sought 
in some specialized lesion or in some 
peculiar combination of the common 


He that 


atheromatous vessels the dense fibrous 


lesions out 


pointed in 
tissue of the intimal plaque tends to 


prevent aneurysmal development cle 


spite loss of elastic and muscle lavers. 
Simpson'® cautioned against misinter- 
pretation of aneurysms in later life 
pointing out that atherosclerosis may 
occur in saccular lesions but that the 
lesions are developmental rather than 
degenerative. He mentioned the fact 
that atheromatosis of the cerebral 
arteries may lead to bulbous and fusi 


form but not to saccular dilatation and 
indicated that 


ments occur “along the course of af 


atheromatous enlarge 
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aneurvsms were single. In a_ recent 
case, not included in. this series, 5 


aneurysms of varying size were found 
of the circle of 
on the 
ruptured 


on and in the vicinity 
Willis. The 


communicating 


anterio1 
to 
produce the fatal subarachnoid hem 


largest 


artery 


orrhage 


In two-thirds (64) of the subjects 
the ruptured aneurvsm was identified: 
in 22 cases the source of the = sub- 


arachnoid hemorrhage was not located 
and in 9 instances the 
ot 


was not determined because of incom- 


after dissection 


presence or absence an aneurysim 


plete dissection. See Table 2, in which 
the 


in which a ruptured 


it is seen that percentage of cases 
ineurvsm was not 
found corresponds, in general, with that 


The 


terior communicating artery, as the site 


reported by other observers an- 


of location of the aneurvsm, leads with 


fected vessels rather than from the 29.7% in this series; that vessel was 
stems of their branches’, as do the involved in 28.2% of the cases reported 
saccular aneurysms with which this bv Tavlor and Whitfield", and in 22.2' 
paper Is concerned. In most cases the by Magee‘. This latte discrepancy can 
rABLI SITES OF RUPTURE OF INTRACRANIAL ARTERIAL ANEURYSMS. TOTAI 
OF 196 CASES, INCLUDING 95 OF THE AUTHORS 
Hel) 
Rabson / 
‘ Vi \ \ \ 
Middl rt 7 12.0 22 11 
Ant ng 19 270-0 l 9 6 Is 4 
Int. carotid, rt 3 3 9 0 0 l 
t 0 0 
Post min ting, rt 2 » | r $ » 
Post. cerel 21 2 0 
0 0 l l 
Sup. cerebellar, rt 0 0 
it l 0 0 | 0 
Basilar $.2 6.9 ) 10 ) 
Vertebral, rt l 1.0 0 l 2 2 
| ] 1.0 ] 17 2 
Ant. inf. cerebellar, rt 0 0 0 0 
lt 0 0 0 0 
l 10 0 0 
\neurysm not found 22 23.2 15 25.8 38% ) 
= looked for : 9 9 6 7 12.0 ) ‘9 18 9 


Potal 
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be in part explained by reference to 
the diagram in Fig. 2 in which the 
sites of demonstrable rupture of an 
uneurysm in our cases are indicated. 
From a consideration of the diagram 
it is easily seen that it is often difficult 
to determine which artery is at fault 
when a ruptured aneurysm is found 
it or about the junction of the anterior 
cerebral and anterior communicating 
irteries. A similar dilemma is met with 
it the junction of the anterior and 
middle cerebral arteries with the in- 
ternal carotid and posterior Communi- 
cating vessels. That this is the likely 
( xplanation for the variations in values 


iscribed to these arteries as the sites 
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of the aneurysms in the 3 series is 
readily understood if one adds the 
percentages of cases in each series, 
taking only anterior cerebral, middle 
cerebral, and anterior communicating 
arteries. Magee’s’ data add up to 75%, 
as do Taylor and Whitfield’s'® and 
those presented in this paper. Another 
observation, therefore, is that about 
three-fourths of the ruptured aneurysms 
are to be found in the anterior portion 
of the circle of Willis. 

The ratio of right to left sides in 
the anterior area is 1.7:1 in Magee’s* 
report; 13:1 in that of Taylor and 
Whitfield'®; and 1.1:1 in our cases. 
Taking all arteries but the anterior 


42 
AL 


hic. 2. Diagram of 13 cerebral arteries showing sites of 63 of the ruptured aneurysms. It is 
mphasized that locations of aneurysms along the course of vessels away from bifurcations are 


) 


4Z 


13 


ore apparent than real; they are so drawn because of lack of more specific information in 


the protocols. 
|, Anterior cerebral, 2, Anterior communicating. 3, Internal carotid. 4, Middle cerebral. 
Posterior communicating. 6, Posterior cerebal. 7, Superior cerebellar. 8, Basilar. 9, Internal 


iditory. 1O, Anterior inferior cerebellar. 11, 


13, Anterior spinal). 


Vertebral. 12, Posterior inferior cerebellar. 


d 
h 
Sessss 1 
/4 
3 3 = 
‘ 
6= 6 
pt}. 
Lt 
10 JO 
» 


communicating basilar vessels 


the ratio of right to left, in the 3 


+ 


series, is 2:1, 0.8:1, and 1.4:1, respec 
tivelv: for all 3 series combined, it is 
1.4:] 

The most frequent anatomic variety 
of hemorrhage from rupture of a cer 
bral arterial aneurvsm is the diffus 
subarachnoid tvpe. In this variety ther 
is rapid extravasation and accumulation 
of blood on the under surface of the 
brain, with extension along the fissures 
of Svlvius and into the cisterna magna 
and 4th ventricle. Death is usually 
very rapid, presumably from compres 
the medulla. In this tvpe th 
ineurysm, if present, can readily b 


sion ot 


found at one of the usual sites on the 
cerebral arteries. Similar rapid sub 
arachnoid extravasation of blood can 
occur from a ruptured cerebral artery 
and the bleeding point may not b 
demonstrabl despite the most careful 
dissection 

Examples of rapid diffuse —sub- 
arachnoid hemorrhage are_ illustrated 


In the tollow 


4 Cases 

Case Reports. Case | A sturdy Coast 
Guard et pett officer, 26 vears old. came 
nd leave late Saturday after 
re ring ind itter dinner he 
| whiske \ highballs He ind his 
retired about midnight. Shortly ther 
ft itus, he made gurgling noises 
1 |} unconscious. The wife rushed 
tr to phone for an ambulance 
On her return, several minutes later, the man 
is dead. Autopsy revealed massive spon 
is subarachnoid hemorrhag: rising 
from al sily identifiable aneurvsm of the 

ircl Wil 
Case 2. A 14 year old schoolboy was 
innoving the ipartment house doorman by 
rollersk it uu in the lobby. When the lad 
refi 1 to quit, the man slapped him across 


DOV collapsed and died within 


the face The | 
utes At necropsy large sub 


rew minut 


irachnoid hemorrhage was found: the exact 


source of the bleeding could not be demon 
strated An aneurvsm was not found. but 
there wv inomalous asvmmetric develop 
ment of the cerebral arteries. which wer 


extreme elicate Chere Was no physic il 
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evidence of trauma he doorman had been 


taken mto custody but Was rele ised when 


the iutopsy findings Were disclosed 


In the search for the aneurysm, the 
stripping of the meninges and the ex- 
posure of the vesse!s is best carrie] 
out while the blood clot is still soft 
and easily washed awav. The vesse}s 
are much more satistactorily revealed 
by this method. Hardening the brain 
in formalin prior to dissection makes 
the latte procedure more difficult and 
the results are not as satisfactorv. Be 
sides, in the medicolegal autopsy, it 
is important to determine promptly 
the nature and source of an intracrania! 
hemorrhage; this is especially indicated 


in cases in which death has occurred 


during or following an altercation, and 
an alleged assailant has been arrested 
pending the outcome of the 1utopss 
There is a less common form. of 
subarachnoid hemorrhage following the 
rupture of an aneurysm of the middl 
cerebral arterv high in the fissure of 
Svlvius. This results in the production 
of a localized hematoma between thi 
island of Reil and the overlying cortex 
section of thi 
brain through such an area of hem 


On casual examinatio 


orrhage may erroneously suggest an 
intracerebral rather than a subarach 
noid location 

In a few instances subarachnoid 
hemorrhage may distend and rupture 
the arachnoid extending into th 
subdural space Such subdural hem 
orrhage may be confused with the 
more common traumatic variety. Som 
f the interna 
carotid artery, and rarely of the midd] 
cerebral, breaks directly into the sub 


dural space, producing subdural with 


times an aneurysm 


out subarachnoid hemorrhage®. Ob 
viously, on such occasions failure t 
search for an existent aneurysm ma 
lead to the eCTTOneCOUS diagnosis ( 


traumatic subdural hemorrhage. 


Aneurysms of the cerebral arteris 


i 


HELPERN, RABSON: SUDDEN AND 


iring their development may become 
nbedded in the adjacent cerebral 
ibstance. Subsequent rupture, often 
receded by confusing premonitory 
mptoms without immediate loss of 
sciousness, May give rise to intra- 
rebral bleeding with extension into 
e ventricles, followed by spread te 
ie subarachnoid space, At times, the 


itter is uninvolved and remains free of 


emorrhage. Such cases mav_ bleed 


lowly, and, until the hemorrhage 
rreaks into the ventricular svstem and 


barachnoid space the spinal fluid 
mains free of blood. Intracerebral 
emorrhage, occurring at. sites other 
an the basal ganglia, is usuallv the 
sult of rupture of such embedded 
neurysms 

The following is an example of de- 
ved death with confusing premon- 
ory symptoms resulting the 
w rupture of an embedded cerebral 


rterv aneurysm 


Case Reports. A vear old business 


itive, who was known to have hyperten 
but w otherwise well, developed a 
re headache during a luncheon following 
ting. He telephoned his phy- 

in and entioned to him that he had 
ict h i severe headache before 
tor 1) d him to come to his office 
iately for an examination. Unaccom- 

ed. the patient hailed a taxicab and gave 


iddress of the doctor's office 
prof ssional building about a 
iwav. When the taxi arrived at. its 


tination.. the patient was conscious but 

rbed and confused, and he was unable 
state his doctor's name after entering the 
Iding, where he was not recognized by 

ittendant then on duty. Because of his 
tement and mental confusion he was taken 
the office of a psv hiatrist on another 
r in the same building. The psychiatrist 
gnosed the patient's condition as alco- 


m and instructed the taxi driver to take 
home, which he did. By the time the 


urived at the apartment house, the 
ent was stuporous The driver called the 
erintendent of the house and told him the 
mosis that had been made by the psychi- 


t. Believing the patient to be drunk, they 
f carried the now helpless man_ to his 
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apartment where they laid him down on the 
floor in the belief that he would sleep off his 
“drunken condition”. About 2% hours had 
elapsed between the time the patient te le- 
phoned his doctor and the time that he was 
carried into his home. Several hours later, 
the superintendent looked in on the man, 
and, finding him now deeply unconscious, 
summoned a neighborhood doctor, who ar- 
rived shortly before the patient died. Not 
until after the patient’s death did his own 
physician finally learn what had happened. 
The case was re ported to the medical exam- 
iners office for investigation, and becauss 
of the unusual circumstances an autopsy was 
performed, This revealed a ruptured saccular 
aneurysm, 6 mm. in size, of the circle of 
Willis located on the left anterior cerebral 
artery in the vicinity of the anterior com- 
municating vessel; the aneurvsm was embed- 
ded in the left frontal lobe. The rupture at 
first produced a lo ilized intracerebral hem- 
orrhage which in turn ruptured into the 
lateral ventricle and into the subarachnoid 
space. The premonitory symptoms of the 
rupture were first headache, then mental 
confusion and speech aphasia, and lastly un- 
consciousness. The business associates of the 
deceased stated that he had not ‘taken any 
drinks because of the headache. 


It is appropriate at this point to 
mention the paper of McDonald and 
Korb* which included an extensive re- 
view of 1125 cases of ruptured and 
intact aneurvsms of arteries at the base 
of the brain. The cases, seen at autopsy 
or operation, began with that reported 
by Morgagni in his “De Sedibus et 
Causis Morborum”, 1761. Spontaneous 
subarachnoid hemorrhage, per se, 
however, was not discussed. 

What individuals suffer from  spon- 
taneous subarachnoid hemorrhage, and 
under what circumstances? The occu- 
pations most represented in the 95 
cases were that of “housewife”, 17 
times; no record, 13; laborer, 12; me- 
chanic, 7; clerk, engineer, and _sales- 
man, 4 each; actress, dishwasher, 
engineer, houseworker and seaman, 3 
each; janitor, stationary fireman and 
telephone operator, 2 each. Most of 
the remaining 18 were in manual occu- 
pations of many varieties. 
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DDI 
place where death o1 collapse 


OOK place Is of interest. Death cam«e 
it home in 43 instances 15 with 
LO of these in bed. In 8 cases a bed 
han that of usually 
tel or rooming house, was. re 
is the place of death. Hem 
ecurred 14 while the 
jects were walking on the street 


the park, 7 relatively 


dec d 


tim S 


times at 


d it sedentary work. | 
blic places and times while 
nas 
xact circumstances under o1 
\ Cl tive cise iS¢ manitested 
( rded In Only a minority 
| 
| ibout two-thirds of the 
] 
Cases OCCUTTINEG at home 
S. OTF Ol th street the 
st S wer©re elicited onlh occa 


ition was re] 


s ~ instances > taking 
Street In these CASES 

+ 
S evidence ot trauma 


I ctor 4 the 
+ 
\ ptured aneurvsm Was 
- 
I ( uid yt he 
4 5 
SS Cases pres 
} 
yas t recorded i 
rteria wom CS 
( toxica 
t reviewing death 
\ DECALILSE the 
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D iced 
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+} cle burdei 
Cire it 
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negative results by 3:2; with a 3 
ymount of alcohol as « ompared to 


of 3:2. The 


recorded 


alcohol, in the same ratio 


findings in instances were 


as 4 In the 


suspected altercation, chemical exam 


instances of actual o1 


ination was not done in 1 of the 2 cases 


in which the presence of aneurysm 


there 


was not stated: in the other case 


was 3 alcohol. The 3 cases with 
ruptured aneurysms were strongly posi 
tive In only Ole ot the 7 Cases i 
which the source of bleeding could not 


that of a boy 


brain not examine 


be found after dissection 
of 14 vears, was the 
for alcohol; all the 
ot 3 

Death took pl ice within 
after the onset of 
25 25 ot the cases. An 
period of thar 
reported 6 times. less 


others had finding 
i few mn 
utes symptoms 
miter 


le SS 


6 subjects 1 few hours J times, al 
less than 6 hours. S times. If there \ 
not fatal termination within 6 hor 
57 «cases. or 60! lite usually 
tinued for at least several davs 
Cases In one mstance the pati 
I 
survived ror 292 d 


Summary. In a total of 2030 cases 


sudden ind ted natur i] ce 
necropsied between 1937 and 194 
there were 95 ¢ ses (4.7 of sponta 
ous subarachnoid hemorrhags TI 
represented 95.7 | the 370 tat lit 
from diseases of the nervous svste 
There were 59 ind 36 wome 


were 


Ne gToes 


With 3 exceptions trom the ear 


69. Spontaneous s 


hnoid he morrhage 


was tound 


1 re itively most 


\n o1 ur 
] 
22 
vears lite thre Te 
1 
é \ ( 
1S] naort ny ar thy maiorit 1 
Z ) cerebra irteT neurvs 
t ; Somres th, ot | 
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hirds of the cases the aneurvsm was 
lentified 


ourth the source of the hemorrhage 


whereas in almost one 


ould not be located. This experience 
luplicated that of other observers. 
Similar corroboration was noted tor 
he fact that 75% of the aneurysms 
ere on the anterior middle 
erebral, and anterior Communicating 
rteries. The right side was predom 
ant, to | 

Diffuse 


overing the base of the brain was the 


subarachnoid hemorrhage 
iost Common anatomic variety. Less 
ommonly there was a locatized sub- 
rachnoid hematoma over the island of 
Keil, or a hemorrhage into the sub 
lural space either directly or by a 
reak through of a hemorrhage in 
ibarac hnoid space. In a few instances 
) aneurvsm embeds itself during de- 
elopment in the adjacent cerebral 
ibstance; when such an aneurvsm 
irsts, intracerebral hemorrhage may 
sult, usually with but sometimes 
ithout extension into the sub 
rachnoid or ventricular spaces. Not 


frequently there are confusing pre 


monitory Clinical phenomena without 
immediate loss of consciousness. 

\ll occupations were represented. 
Death or collapse took place in 45% 
of the cases at home, with slightly less 
than one-fourth of these in bed, in 
1I5V on the street or in the park. The 
exact circumstances immediately pre- 
ceding death or collapse were elicited 
only occasionally in the two-thirds of 
the 95 cases occurring at home, in 
strange beds, or on the street. Alcohol 
determinations on the brain were car- 
ried out in 45% of the total; positive 
findings were recorded in three-fifths 
otf these. 

It is to be emphasized that dissection 
of the cerebral arteries should be done 
as soon as the brain is removed from the 
skull, while the blood clot is soft and 
easily removed by washing. The nature 
and source of hemorrhage on the sur- 
face or in the substance of the brain 
should be determined promptly, espe- 
cially in cases of suspected criminal 
violence in which a suspect has been 
taken into custody. The usual method 
of waiting for formalin hardening of 
the brain is not practicable. 
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ease 


This report describes the oc- 
ot sickle cell 
individual in whom all available 


rrence anemia in a 


ite 
itives were studied for the sickling 


iit and sickle cell anemia, 


CELL 


ANEMIA IN THE WHITE RACE 


cover slip 


in number, estimated trom 
films. There was 100% sickling of the erythro- 
cytes in 24 hours in a_paraffin-sealed wet 


as 


preparation. Urine urobilinogen was 5 
Ehrlich units in a 2 hour specimen. Total 


serum bilirubin was 4.42 mg. per 100 ml. of 


which 2.64 mg. was direct and 1.78 mg. 
Case Report. Case 1, L. N., a 19 year old indirect. Erythrocyte fragility began at 0.46% 
’ it vas first admitted to Lakeside saline and was compl te at 0.28%. Roentgeno- 
pital in Apr A949 complaining of fever, grams of the gall bladder revealed 4 lam- 
ye ee Pp lark urine and yellow eyes. inated calculi, and of the tibia and fibula 
! Det treated with liver and iron revealed a moderate degree of osteoporosis 
years for splenic with loss of the normal trabeculation of 
, Her fi known hemolytic crisis the medullary canal in the lower third of 
rrea ‘ previous to this admission the tibia. Her symptoms subsided spontan- 
Pack nd shouldes pam and dyspnea. eously with symptomatic treatment and bed 
to have anemia, splenomegaly, — rest. Since this time she has been admitted 
levated icterus index. The diagnosis twice with hemolytic crises Study of the 
BLE 2 LABORATORY FINDINGS OF THE PATIENT, L.N.. AND OF HER FAMILY 
Sickling 
RBC Hygb. Het. WBC Retic. MCH MCV MCHC Platelets in 2 hours 
\ 9S SI 21.000 28 05, $2 108 sl. increased 100 
\ 1.35. 11.2 4) 12.000 OS! 25.7 94.2 27 normal S4 
| i] $03 164 350 S100 0 6! 82 125 825 normal 72 
| $83 149 490: 8.600 O04 309 101 4 normal 67 
| 5.150 OF! 30.8 100 normal none 
15.0 48 6.650 1.0! 31.7 101 normal none 
O07 none 
119 5.650 Oo, Si 102 normal none 
( $62 14.4 44 5,150 2.0% 95.3 normal Sl 
kle inemia was first made in 9 available members of her family revealed 
one year before this admission. the sickling trait in the patient's mother, 
tomy was performed at another hos- brother, a maternal aunt and two maternal 
following her 5th hemolytic crisis. The uncles, none of whom had anemia or _his- 
for the splenectomy is not appar tory or physical findings suggestive of sickle 
The patient was a poorly developed, cell anemia. Her maternal grandfather, an 
liced ung white female with no uncle, an aunt, and a cousin were found to 
d characteristics. There were no leg be normal (Fig. 1 and Table 2). 
ind 1 idenopathy. Laboratory find- P 
abl were as follows: Ervthro- Discussion. It has been a commonly, 
2.97 million per cmm., hemoglobin but as we _ believe unjustifiably, ac- 
per 100 ml., hematocrit 31%, leuko- cepted hypothesis that sickle cell 


21,000 per cmm., reticulocyte count 23%, 


corpuscular hemoglobin 32. memcegm.., 
corpuscular volume 103 cu. microns, 
corpuscular hemoglobin concentration 


rhe platelets were slightly increased 


anemia is due to a single, completely 
penetrant, dominant factor. Wintrobe™ 
stated that it is probably transmitted 
according to the Mendelian laws of 


973 
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KLI 


heredity as a dominant characteristic 
Phis explanation cannot be applied 
by Clarke and 
Table 1. In 1947 


several plausible ex 


to the cases studied 
recorded 1h} 


Neel!’ presented 


planati ns ot the method ot transmis 
sion of the disease. One possibility is 
that there ire two. distinct genet 
types ft sickle cell anemia, one du 
to a recessive factor, and one due to 
1. dominant factor. Another is that the 
responsible gene 1s not ilwavs com 


} 


yletely penetrant. and is not 


\pressed 


DEA 
DIABETE 
r AA 
DEAD: CA 
OF LUN 
G.N 
A 
NKN | 
CKLE 
SKLE 


luals having the gene si 
Still an 
by Neel 


s that there is a gene 1n Ne gro popu 


] 
that tl blood is normal 


ther possibility 


sugges ste d 


itions which when heterozvgous re 
1.1 

sults sicklemia and when NnOMOZ\ 

gous results mn sickle cell anemia i 


igous to that which exists 


\lore Neel 


recently 


(hlataSsemla 
has published data trom a_ studv of 
sickle ( ahnemla Negro 


which adds support to this last theory 
the parents of patients with 
revealed 


SICAIC CC 


nla 


the Sic kling 


ANEMIA IN THE WHITE RAC 
trait in both parents in all 13 instance | 
studied, and in the only pare nt studies 
in 16 others. Beet', after studying the 
sickling trait in a Bantu tribe, state r 
that sickle cell anemia occurs only it 
homozygotes | | recent] 
found that in sickle cel 
ol the hemogl bit has il ibnorma 
molecular structure whereas, in the 
trait form of th LIsc@ase both norm 
ind abnormal ire presel 
constant rat ot ppl ximatel 
0:50 sIng t} is-heter 
Q if FA 
NKN W 
C 
EAD- 9 YR 
CIN 
vgous theorv 1 sed ) Neel 
suggest | that kle aL 
both allels responsible tor the struct 
the hemoglobir ecule are ab 
mal homozi produci 
ibnormal he mog] bit while ll 
kl nla only Ole illel 
gous ly >) 
normal hemoglob 
If the unmodif theory I 
homozvgous righ ot sickle 
1S icceptl however t 
necessary to assume is indicate 
Neel and Dameshek that t 


the modification — that 
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ises in which one or both parents did 
ot exhibit the sickling trait (1, 3, 4, 
10 in Table 1) 


emonstrating sickle cells was faulty. 


the technique ot 


Such an assumption does not appear 
» be entirely warranted. Furthermore 
t is hazardous to base any genetic 
tudy on data obtained from the Negro 
ice because of the well known  fre- 
juency Of impaternity in this race. 
Nevertheless 
ygous theory can probably be applied 


the heterozvgous-homo- 


to sickle cell anemia and sicklemia with 
instances in 
vhich one or both parents of a sickle 
ell anemia patient show no sickling 
re due to incomplete penetrance ot 
the trait produc ing gene in the parents, 

It is unfortunate that in our case the 
itient’s father was not available for 
tudyv, so that more support could have 
een given to one of the possible 
enetic theories There can be no 
uibt that there is a hereditarv factor 
sponsible for the sickling trait which 
iS present in some of the maternal 
embers of this family. No members 
the family had anv negroid charac- 
ristics and there was no known ad- 
ixture of Negro blood in the family 


storv. However. as in all reported 


SICKLE CELL ANEMIA IN THE WHITE RACK wie) 


cases of sickle cell anemia in the white 
race, which occur with only one ex- 
ception® in individuals from the region 
around the Mediterranean Sea, the 
possibility of remote admixture with 
Negro absolutely 
excluded. 

Summary. A_ case of sickle cell 


blood cannot be 


anemia in a white Sicilian girl is pre- 
sented with a family study showing 
that the sickling trait was present in 
5 of 9 available members of her fam- 
ily. Possible theories of the genetics of 
sickle cell anemia are reviewed. None 
of the previously widely accepted 
theories fully explains the genetics in 
all reported cases. It is certain from 
study of reported cases and their fami- 
lies that 
Mendelian dominant is an impossible 
explanation in many instances. It is 
suggested that the homozygous-hetero- 
zygous theory is probably correct, but 
that failure of one or both parents of a 
sickle cell anemia patient to show 
sickling is the result of incomplete 
penetrance of the trait-producing gene. 
This explanation does not necessitate 
the assumption that much data _pre- 
viously accumulated are based on in- 


transmission as a_ simple 


correct laboratory procedures. 
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SUBACUTE ERYTHREMIC MYELOSIS 
Report of a Case in a Filipino! 
By VicrorRINo bE LA Fuente, M.D 
CHIEI SECTION IN) HEMATOLOGY DEPARTMENT Ol INTERNAT MEDICINI 
MANILA, PHILIPPINES 
From the University of Santo Tomas and Clini S 
ERYTHREMIC mvelosis is a rare dis- 10.5 units and ar ect \ Bor 
reaction mino nd vita mpl 
ease. Its occurrence in the Philippines Amin 
were idded to tl final t tment. © 
is here recorded for the first time. The “te ~ a 19 
] 
report tollows Becaus ot the | t I t 

Case Report. 1 30 vear ol arried University ta] 
ed to csc h 
ris reterred vy Dr pla 

Leonides Almarines of Binan, Lagu m May | 

16, 1949 [he patient became of his 

illness 3 nths before. when he tired easily H 

on exertior Palpitatior ind weakness f Tal “1949 ] 

iowed Phere was no spontane US bleeding lobin ind ervtl 
ittack of precordial pain OI li \ per LOO na RAO OOD 

rew days before consultation his blood Was my I ] 

1., TeSpe 

CXa d Was d ni sed iS nai iting OOO De! 15 

iplast Bone marrow biopsy was not 

lon lex rose to 13 unit . | Irony 

} 

He stated rs vO to 2.7 units n July ] 

ynt ted ilaria O S 

ari for iS give! wast noemal. Mala 
tabri H ould not remember the entire nig ent hy I 

t of th drug ingested During the tre 
ent became vellow in the skin and smears without ( | ' 
nore vithout nausea and vomitin normal thro 
bral SVI iptoms were absent ( 

Phys il examination on the dav ‘lutinins wet Wid 
ultat wed irked pallor and_ slight 
jaun lower border of the liver es with Typhoid H up to 1/640 « H 
te ers” bre sor the tal ulture ty \\ ]-] 

| en coul ot be palnates 
I uld not Lipat i rh reaction was t Cy 
beat s diffused and ird dullness 
Cative Tot prot e 6 
enlarg tolic murmur was heard over 
l. of blood wit] 
the pul nary, aortic and mitral are Chere 15 
was radia Abnorm | findings in other 
several times g I | 
Blood nd bone marrow specimens were stools showed 1 c I il mt 
pro d. The results, together with those of nd trichocep!] ilus. J lic 
2 bs ent examinations ire cle taile d le il lungs ind ‘ I 
Table 1. Oral “Folvite” Lederle and “Reticu hadow The heart t l a 
loge! lly were prescribed On 93 ( irdiog! Basal ] lis 
t I the blood showed no mnprove Adrenalin test 2 for ] 
rent. The serum gave an icterus index ol performed in I with tl 

* This is name coined by di Guglielmo (see Leitner®) for the acute form of t 
condit that in the author's opinion has signifi int differences | Cool 
ervthroblastosis panhemacytopenia ind other similar diseases EDITOR 

+t TI estigation was supported by a grant from the Division t Research G 
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0 to 500.25 per c.mm 
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rubricytes and 

metaru- 

bricytes 3272.3 8504.25 
fotalnumber “ 7610.0° 16675.00 

Two days later the same test performed for 
hemoglobin and erythrocytes showed _prac- 
tically no increass 


Phe patient was ambulatory. The tempera- 
ture was normal throughout, except on 2 occa- 
sions: 1, after the first blood transfusion when 
it rose to 38.5° ¢ 102.02° F.); 2, after the 
first injection of pentnuc leotide (10 ml.) 
Each time it dropped to normal the follow- 
ing day. In view of the temperature curve, 
the positive Widal test was taken to be a 
pure coincidence patient has no history of 
previous vaccination against typhoid) without 
anv bearing on the hematologic disorder. 
Edema of the evelids and lower extremities 
appeared when the red cell count fell to less 
than 1,500,000 per c.mm., and disappeared 
after whole blood transfusion 

The medicines prescribed were Chlorguan- 
ide, Folvite, multivitamins and amino acids 
When they failed to produce any improve- 
ment, pentnuc leotide was tried. After the fifth 
injection, the patient asked for his discharge. 

When he left, the jaundice and edema 
were absent. While he declared that he was 
feeling a little stronger than when admitted, 
the bone marrow findings (Table 1, 7/22/49) 
indicated that his condition had become 
worse. Nothing was heard of him till a few 
weeks later, when he died in his home. No 
details of his last davs could be secured 
Autopsy was not performed 

CyToLocicaL Description. The blood and 
bone marrow smears were fixed with Wright's 
solution and stained with a combination of 
May-Griinwald’s and Giemsa’s. The platelet 
counts were determined according to the wet- 
smear method of Dameshek. 

The terms, recommended by the Commit- 
tee for Hematologic Nomenclature of the 
American Society of Clinical Pathologists, 
were adhered to as much as possible. 
Erythroblast is used in the collective sense 
to denote any nucleated red cell. The mega- 
karyocytes are classified according to the sys- 
tem we had proposed before®. 

All the photomicrographs were taken at the 
same magnification. The size of any cell may 
be calculated from the cell in Fig. 2, whose 
longest diameter measures 37.8u. 

The bone marrow was hypercellular 
throughout. 

Erythrocytic Series. In the 3 biopsies made, 
70%, 86.2% and 72.6% of the total marrow 
nucleated cells belonged to this series. Un- 
doubtedly the hypercellularity of the bone 


| M LOGIC DATA IN CASE 
5/25/49 7/22/49 
} 1450 525 
| 
() at 
5S 
1 r r hypercellular 
» 4 
is 
I 
¢ 
4 l 
“14 
5 4 66 
ir r ‘ ar oOTrmoce liar 
l 
4 4 
4 
23°83 21-67 
0 
bed by Doan and Wright?, gave the 
wing result 
loblasts fron 
ented 
rms 1293.7 “ 1834.25 
phocytes 2891.8 5836.25 
wvtes 76 l 0 


ERYTHREMIC. MYELOSIS 

arrow was due to an excessive pl liferation state whether such disorder had already beer 
tl erythroblasts. None of the latter was described betor Certainly it indicates 

4 the pernicious anemia type. Of the total evere disturbance llalar growth. In Figs 
nucleated red cells, metarubricvtes constituted 1 5 and $8. anisonucleosis is also apparent 
7] in the first examination, 64 in the second All these findings w | incline one to con 
ind only 40% in the third. This indicated that sider ervthremic mvel or at least this 
while it the time of the first biopsy disturb ise ts i neopla { the erythropoietic 
ince vaturation was not perc ptibl the tissue 
succeeding examinations cdis« losed definite The condition bone marrow 
progressive arrest in the ripening of cells reflected in the per eral blood a sever 

The rubriblasts and prorubri: vtes wer nemia with ervthroblastosi The counts of 
large! than ordinarily obse rved | iv l ited red cells per the 
asional multinucleated giant cells (Figs nations recorded in Table | were 1271, 213¢ 
and 8 were present Tri-nucleated bi ind = 1690 respect Phere were 
nucleated higures were numerous An out erythroblasts than ranulocyvtes irculatin 
standing peculiarity was the asvnchronic Durin t lren test, tl 
velopment of the twin nuclei of a cell. The increase of the former was greater than tl 
binu le ited cells in Fig } llustr ite thi of any single type ot wv ite cell Llowe 1] Jolly 
phe enon In ¢ ich cell I micleus bodies thounded \ Vtosis w marked 
more iture than its twin. In Fig. 5. tl Hypochromia of a few cells w Ibserved 
big right nucleus is at the pl rubricvti Poikilocvtosis was slicht 
Stage while the small one is in pl phase The ret locvt 1 progressive 
mitosis vith the rest in tion of the eryth 
The latter is indeed a very ra le lop blasts N itistact planat for ¢t 
ent il in ily Berman! ind R bu 5 1 transient iundice | { | 
their investigation on cellula Fantis) ind Cranulocytic ora lopoietic t 
multinuclearity did not touch on it. Due t sue Wa hypopl t the ‘tm of t 
the lability ot reterences published first bi p leat 
tore t last war, we are not in position t ells, only 18.8% ] to the series, whil : 
Mi 
% 
Fic. 1.—Bone marrow. The 2 biggest cells are rubriblasts: P. Prorubricvtes Py, Prog | 
locytes with small cytoplasm containing few, tiny, barely visible granules: N. Neutrop 
metamyelocyte; Mi, Mitotic erythroblast. The rest are rubricvtes. Me rubrievte having 
same nuclear structure as the cell in Fig. 8 


DE LA FUENTE: SUBACI 

peripheral blood the granulocytes num 

1 onl 1.025 per c.mm. In subsequent 
nations, the caunt oscillated with wid 
itruicte but at no time did it reach the 
mal value At the pe tk of the spleni 
dent with the highest 


blood pressure) during th 


ilin test. the granulocytes (mveloblasts 
utroy hil im the pe ripheral circulation 
to 2334.5 per c.mm., a figure below. the 

rmal for this cell type 
rphologi bnormalities were also pres 
Granules were lacking in the cytoplasm 
iv cell Figs. 6 and 7 It appeared 
th vtoplasm was devoid of content 
isted erely of membrane The 
iffected. Normally, the 
iture nd the nucleus assumes a lobu 
the chromatin materials clump 
user strands. the present: case, the 
was very noticeabl 
the same phenomenon in 
nd called it the “dissocia 
rat nuclear shape ind struc 
In the 3 nt case this asvnchronism 
n the myelocytic and meta 
tae Figs. 6 and 7 Hence, in 
lifferential unt, the cell classification 
based ely on the shape of the nucleus 
entation characteristic 
| us anemia, was not ob 
n the present case. The higher values 
last: examination 22/49) in both 
1 periph ral blood might have 

leotick 

t Series. The total number of 
karvocyt s normal in all 3 examina 
Only in the first biopsy were “C” cells’ 
karvoeyvt mtaining more than 10 
lets in the cytoplasm present Even the 


mit nine 
IIs in 


less than 10 platelets 

h diminished in succeeding 
ial finding was the phagocytosis 
blasts by the 


nd megakarvocvtes. In manv bone 


prome gakarvocytes 


ws, normal as well as pathological, on 
detect rare mature rie gakarvocyt 
fing a leul te or an erythroblast. But 
present case, the phagocytic megakary 
were Onspicuous by their number 
er abnor lity was the tendenev of the 
to hypersegmentation, similar to but 


exaggerated as that observed per 


re was. thi mbocvtopenia (see Table 
roughout the entire course of the diseas« 
thrombocyvtes were present, as they are 
iv conditions where these elements are 


number. However, the longest bleed 
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observed was 6 minutes. 
At other times it was 
within normal limits. Coagulation time (Lee- 


ing Duke 


This OCCUTITE d only once 


White) was normal. There was no spontane- 
ous bleeding before and during hospitaliza- 
tion 

No abnormality was found in the lympho 
cytes, monocytes and reticulum cells 


Discussion. Briefly, the present case 
was characterized by: 1, a course of 
about 4 months, hepatomegaly, slight 
spleriomegaly and transient jaundice; 
2, pancytopenia and erythroblastosis in 
the peripheral blood; and 3, excessive 
proliferation of the nucleated red cells 
with arrest of maturation, hypoplasia 
and disturbed 
granulocytic series, deficient thrombo- 


development of the 


cvte formation and excessive phagocy- 
tosis of the megakarvocytes, with con- 
comitant morphological alterations in 
these 3 cellular elements of the bone 
marrow. These findings would satisfy 
the criteria for the diagnosis of subacute 
erythremic mvelosis®. 

The unavailability to us of the origi- 
nal articles on the subject makes it 
impossible to compare our case with 
those reported by earlier investigators. 
Compared with Leitner’s® summary of 
the literature on this hematologic dis- 
order, it seems that previous writers 
had stressed more the pathology of the 
erythropoietic tissue with but scant 
mention of the granulocytic and throm- 
bocytic cells. 

All 3 of the principal cellular con- 
stituents of the bone marrow were af- 
fected. However, if number and severity 
of the lesions were the basis for estab- 
lishing the primary seat of injury, the 
changes in the erythropoietic tissue 
would be accepted as the fundamental 
disturbance. 

The cause of erythremic myelosis is 
still disputed. The kind of lesion to us 
suggests neoplasm as the nature of the 
malaria, 
treated with atabrine. However, any 


disorder. Our patient had 


causal relation between malaria or ata- 


1% 
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6 


ics. 2 to 8.—Bone marrow. 2, Giant multinucleated prorubricyte, whos longest dia 


+ 


measures 37.8u. 3, Promegakaryocyte B with engulfed metarubricyte. 4, Two binucl 
erythroblasts with basophilic cytoplasm The nuclei in each cell are at different phas 
development. The difference in size of the twin nu lei of the upper cell is apparent 
third cell (lower right) is an eosinophilic myelocyte. 5, Binuc leated erythroblast. One nu 
right) is bigger and at the prorubricytic stage, the other in prophase of mitosis. 6 a 
Neutrophilic metamyelocytes, illustrating the dissociation of maturation in nuclear shape 
structure and the absence of granules. 8, Giant multinucleated rubricyte. The cvtoy 
is homogeneously dee p grevish-blue except at a small circular area near the center 


| 
«at 
ata 
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brine and the hematologic disorder 
under study is too slight to be con- 


sidered seriously, at least for the pres- 
The effects of atabrine intoxica- 
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Summary. A case of subacute ervth- 
remic myelosis found in a Filipino is re- 
ported. The hematologic disorder in- 


ent volves the 3 principal cellular types of 
tion in the blood, as shown by previous — the blood and their precursors. The 
uvestigators', are entirely different. cytological abnormalities are described 
bservations on malaria bear no similar- in detail and the cause and nature of 
ity with the present case. the disease briefly discussed. 
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LEUKEMIA IN RADIOLOGISTS IN A 20 YEAR PERIOD 


By Hernan 

INSTRUCTOI 

PHILADELPHIA 

hy 1 the Graduate School of M 

SOME experimental evidence has 


been presented to show that exposure 
to ionizing high energy irradiation (by 


Roentgen irradiation) can produce leu 


ke He ineke 10 Ziegler and Fis- 
cher-Wasels* reported that the general 
with Rov ntgen ravs 
the 


irradiation of mice 


1 a mveloid transformation of 


tissues the spleen Calo! observed 
the appearance of large histocyvtic in- 
filtrations in the organs of white mic« 
which had been exposed to small doses 
ot Roe ntgen ravs Krebs. Rask-Nielson 


and Wagner" found that among 10,500 


normal mice there occurred 6 cases of 
the leukemic state 0.058‘ while 
5550 subjected to Roentgen 
avs the re were 19 cases 0.36 
hese 1uthors do not attempt to dis- 
tinguish between a true leukemia with 
periphet i blood changes al aleu 
kemic vmphadenosis lvmphosat 
ma. or a leukosarcomatosis. because 
the rious gradations that mav exist 
between these different forms. Furth, 
Seibold, and Rathbone*®* found that 
most, if not all, resistant strains of mice 
can be made susceptible to transmis- 
sible leukemia through exposures to 
single or repeated doses of Roentgen 
ravs. Furth* further showed that mve- 


loid leukemia rarely occurred in_ his 
mice unless thev were irradiated. Of 
{Sl controls, 2 died of mveloid leu- 
kemia; of 385 irradiated mice, 21 died 
with mveloid leukemia, a 13-fold_ in- 
rease. In subsequent study, Furth 


ind Furth 
irradiate d 


ising 1290 controls and 775 
Tice 


found that irradiation 
the ot 


produced times incidence 


IN 


\farcu, 


RADIOLOGY 
PENNSYLVANIA 


University of Pennsylvania 


the 


majority of cases there was a conspicu 


mvelosis as igainst 0.9 


ous invasion of the circulating blood by 


leukemia 
with 


likew 1S¢ 


immature myeloid cells 
Generalized lvmphomatosis 
blood involvement 
often after irradiation 
} stocks that they 


was only 2-fold 


without 
occurred more 
in all of the 


but this increase 


used 


found that total irradiatiot 


Hueper 


QT 


of a highly susceptible strain of cance 


mice with small doses of Roentgen ravs 
resulted in a marked increase in the 
incidence of leukemia that normally 
occurred (74 is against 19° 
mals of the strain used. He thought 


that hv pe rpl istic 


proliferations were transformed int 
leukemic ones by the effect of Roent 
gen ravs upon the regenerative activity 
of these tissues. Henshaw!! gave re 
peated moderate single doses at 

week intervals and found more thai 
1 4-fold increase in incidence of leu 
kemia (in its broader sense in 

moderately susceptible strain of mice 
Furth and Boon® found that the leu 


kemogenic action of methylcholantl 
rene was greatly enhanced by_ pre 
irradiation with doses of Roente 
ravs (175 1 which alone rarely pr 
duces leukemia. and the onset of let 
kemia occurred in a shorter interva 
Kirschbaum and = Kaplan! point ot 


that the probl m of leukemogenesis 


mice is very complex 1, multip! 
igents Roentgen rays carcmogel 
ind other chemical agents, estrogens 
can produce leukemia: 2, mice of onl 
certain genetic constitution are su 


mveloid or ly mphoid 


) 


MARCHE: LEUREMIA 


eptible to only certain agents; 3, 
enet susceptibility to one agent, o1 
» the spontaneous disease, cannot 
ecessarily be correlated with suscepti- 
lity to other leukemogenic agents. 
Furth®, in a comprehensive review, 
tates that trom a survey of the litera- 


ure it appears that Roentgen rays are 
veak leukemogens (relative to other 


xperimental agents) and act after a 
latively long incubation period. In 
ll of the above experimental pro- 
edures, the Roentgen ravs_ initially 
vert a destructive influence on the 


cukopoietic foci, following which 


there is a period of regeneration in 


vitich frequent mitotic figures are 

een and abnormal forms are produced 

Persistence and multiplication of the 

produces the leukemic. state. 

In a more recent study, Lorenz et 
have investigated the effect of 

rolonged low-dosage irradiation on 


} 


lice, guinea pigs, and rabbits in an 
ttempt to determine tolerance ranges. 
They found in mice that the time in 
hich leukemia (Ivmphoma ) appears 
approximately the same for those 
nimals receiving up to 2.2 r per § 
urs per dav as in the controls, and 
e percentage incidence was also the 
me. With somewhat larger doses 
ere Was al earlier onset of leukemia, 
id with 8.8 r per 8 hours per day not 
ily was the onset much earlier but 
ere was a 70% incidence instead of 
5% incidence. The authors preter 
explain this higher incidence on 
e basis of the earlier onset. thinking 
it otherwise susceptible mice in the 
ss irradiated group might have died 
other causes before the onset. of 
ikemia. Exception might be taken to 
is interpretation. The results in 
inea pigs and rabbits are not given. 
t in a subsequent paper Lorenz'* 
ites that no increase of leukemia in- 
lence was observed in the guinea 
vs or rabbits. He notes, however, 
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that the number of animals used in 
these latter experiments is small. From 
his experiments Lorenz'> concludes 
that “in spite of the statistical evidence 
(of the increased incidence of leukemia 
in racliologists reported, the data ob- 
tained in (my and my associates) ex- 
perimental animals do not seem to 
support the view that chronic irradi- 
ation (of the amounts to which I be- 
lieve radiologists are exposed) will in- 
duce leukemia in man unless one is 
willing to assume differences in the 
susceptibility and the mechanism of 
leukemia induction in humans.” That 
such an assumption may not be en- 
tirely out of order is indicated by the 
known differences in susceptibility 
found in different strains of mice, and 
the species difference in susceptibility 
demonstrated in the varying results 
obtained in mice, guinea pigs and rab- 
bits in these experiments. 

In a companion study to the prece “d- 
ing, on the same animals, Jacobson and 
Marks! studied the peripheral blood 
findings in these animals and found no 
peripheral lymphocytosis occurring in 
anv of the 3 species. \ lvmphopenia as 
the result of chronic low-grade ir- 
radiation was the consistent finding 
and the earliest abnormality noted. 

What might be regarded as a form 
of clinical corroboration of the rela- 
tionship between Roentgen ray expo- 
sure and increased incidence of leu- 
kemia in humans was presented Ssev- 
eral vears ago when this writer 
pointed out that the incidence of leu- 
kemia (in its narrower sense) Was 
more than 10 times as great in radi- 
ologists as in non-radiological physi- 
cians. This difference was shown to be 
statistically significant. The present re- 
port is a continuation of the prev ious 
study and includes the ensuing 5 year 
period, 1944 to 1948, inclusive. The 
same method was followed as in the 
previous paper, extreme care being 


( 
| 
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re W ot 


none 


reality 
Sts who were 


I id 
factor would tend 


pe VWARCH LEUKEMIA IN ADI STS 
take t is complete neures as tensive 
=, i I 
POSSI! ind to avoid inv duplication ical researcn f1 1 the earlier day 
rth ision of any non-pertinent t these modalit He developed leu 
I 
subject For a more detailed discus kemia cutis ! IS tur des tol 
r th nethod can be which he received Roentge therap\ 
t] } { +] 
} 
rad FIST but the iCuKeMIa the Ameri il i Asso rie 
Vere surgeons or IS reported » | ed 
} i members ot but in the one ip] i rin ti Ame 
gical so- can Journa Roentge a 
his to dilute Radir mn Pheray the Ca leat! 
Tit ictual incidence rate tol IS Sald t ha Cel i mant 
liologists Vinphoma ippal re pos 
|) this ) veal period thie tive informatio; it } th} 
iths | United States phy S] DOLICS im 6this st t | QO! 
I 
Vel reported the lor rnal ot DOSItIVE euken 1 eS. this 
\ ill Wea Ass lation exciuded | eu j 
t Ss Same p riod the Directory \ Sarco) 
rABLI RADIOLOGISTS DYING OF LI KEMIA 
} f 1946 \ "© \f 
1 | ] M45 | | 5 Th 
the Ameri il \ledi It S Seel 1! thes I res 
] ry i adoes not wh period » { | 
I } 
hig noe sed Le reported for th, 
t these. During the same period cians (0.44 ind sts (4.5 
na the cans it} hrmatior f #h, 
i’ Ca tod lable Were Statist ( \ int | 
) \\ was nnt 1948) } 65.929 
wa tly a clusive 9.922 
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tg I society VU-vear period ( <ts< 
tg ravs ind whor i4 ha 
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Il incidence for non-radiological phy- who use fluoroscopes, Roentgen-ray 
. icians is O.51% and for radiologists machines, radium, and now radioactive 
u 1.05% isotopes in their clinical or investiga- 
( It is thus seen that the incidence of tive work. 

D\ eukemia in radiologists is over 9 times This occupational hazard of radi- 
. is great as in non-radiological physi- ology indicates that: 1, the hazard was 


ians. This order of increase is larger 
than was obtained in most of the ex- 
perimental work on mice. In spite ot 
the relatively low incidence rate in 
nan, both groups under consideration 
the non-radiological physicians and the 
radiologists, are now sufficiently large 
ind statistics cover sufficient 
umber of vears for this difference in 
ncidence rate to bear the stamp ot 
lidity. Moreover, by applving the 
une statistical analytical evaluation 
is in the previous paper (expansion of 


he binomial p 


q)" to the appropri- 
ite term it is found that this term 
equals | indicating that there 

only | chance in a billion of the 
sbserved increased incidence rate of 
eukemia in radiologists being coin- 
ntal 

It has been observed?:'? that the in- 
idence of leukemia is almost twice as 
reat in physicians as a whole as in 
he general adult male white popula- 
tion. The writer=" has pointed out that 
the bulk of this increase was due to 
he inclusion of radiologists in the sta- 
stics for physicians and that when 
nly non-radiological physicians were 
onsidered, the increased incidence is 
nly slight and might perhaps be ac- 
ounted for by the rather considerable 
umber of non-radiological physicians 


not suffici tly appreciated, and insuf- 
ficient care was exercised to employ 
standard means of protection against 
ionizing radiation; or 2, these standard 
means of protection are insufficient 
protection; or 3, they are too difficult 
to employ correctly in routine work. In 
this connection, the work of Archer at 
the University of Virginia is interest- 
ing. He has lately developed and ex- 
hibited a gown made of spun lead 
glass that affords much more complete 
protection to the body than conven- 
tional lead apron and gloves. 

Summary. 1. The experimental work 
showing an increased incidence of leu- 
kemia in mice exposed to Roentgen 
irradiation has been reviewed. 

2. The study of the incidence of leu- 
kemia in radiologists has been ex- 
tended to cover a 20 vear period. 

3. It has been shown that during 
this time leukemia has occurred more 
than 9 times as frequently in radiolo- 
gists as in non-radiological physicians. 

1. This difference has statistical sig- 
nificance. 

5. It is suggested that the increased 
incidence of leukemia in physicians as 
a whole (compared with the adult 
male white population) might be due 
to the same factor of exposure to 
ionizing radiation, 
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\pRENAL cortical hypersecretion as 

in Cushings svndrome or after 
rge doses of ACTH is. associated 
th in elevation mn arterial blood 
ssure Phis hypertension often re- 


es after the hvpersecreting ad- 


cortical tissue has been surgi- 

ly excised, thus indicating a causal 
itionship Hypertension can also be 
duced readily in’ several mam- 
tilali spe CICS by prolonged OVCT- 
vith desoxvcorticosterone 

tate DCA even though adrenal 
rtical extract will not usually cause 
The hypertension assoc iated with 


shing S S\ ndrome 1S accompanied by 
inopathy, nicking, benign and 
lignant nephrosclerosis, left ven- 

lar hypertrophy cardiac failure, 
reased susceptibility to cerebral 
scular accidents and mvocardial in- 


cCtlons exactly as seen in essential 


pertension. Even the microscopic 
inges in the arterioles are similar 
the two conditions 

Furthermore the adrenal cortex 


ms necessary to maintain the. in- 
ised arterial blood pressure asso- 
ted with essential hypertension, 
e this elevated blood pressure will 
ert to normal levels if adrenal 
tical insufthie supervenes, This 
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drop in blood pressure will occur even 
though the blood volume and extracel- 
lular fuid volume are at normal levels 
as a result of massive NaCl inges- 
tion”. 

With these data in mind, it seemed 
important to evaluate the level of 
adrenal cortex function in essential 
hypertension. It is especially neces- 
sary to explore the adrenal cortical 
steroids of the “electrolyte influencing” 
type, such as desoxvcorticosterone 
acetate (DCA), since thes are espe- 
cially potent in producing hyper- 
tension. 

Conn et al. showed that this type of 
steroid had a. striking effect on the 
sodium and chloride concentration in 
thermal sweat. Large doses of ACTH 
or DCA caused a fall in sweat sodium 
concentration to the low levels seen 
in patients with Cushing’s syndrome. 
Conversely, patients with Addison’s 
disease had abnormally high sweat 
sodium concentrations which decreased 
to the normal range after DCA 
therapy’. The sweat sodium concen- 
tration is probably the best index of 
the activity of “electrolyte-influencing” 
adrenal cortical steroids. 

Methods. The entire study was completed 
during the winter and spring. The subjects 
were placed in a room at 99° F. with 97% 
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ire shown 
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=~normotensive 
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tensives with a diastolic 


tween LOO and 124 


Statistical analvsis shows that 


is no significant difference 


anv of these groups 


OVER 


idity for 25 minutes. During 
the last 10 minutes of Po sweat 
B P ( frat 
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Comment. In view of these results, 
it is quite unlikely that the ordinary 
patient with essential hypertension 
has any considerable increase in the 
level of “electrolyte influencing” ad- 
renal cortical steroids. 

It is still possible that there might 
be slightly increased secretion in 
hypertensives which is too small to 
effect a lowering of sweat sodium 
concentration 

It is also possible that in hyperten- 
SIVeES normal! amounts of adrenal 
cortical steroid are secreted but then 
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enter abnormal metabolic pathways 
with the creation of abnormal metabo- 
lites which influence blood pressure 
but not sweat sodium. 

Summary. 1, The sweat sodium con- 
centration in patients with mild or 
severe essential hypertension is not 
significantly different from that of 
normotensive subjects. 

2, This makes it very unlikely that 
ordinary essential hypertensives have 
any considerable increase in the level 
of = “electrolyte-influencing” — adrenal 
cortical steroids. 
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THE EFFECT OF 


EXPERIENCE WITH PROTEIN BOUND IODINE (PBD: 
ACTH 


AND CORTISONE 


ON THYROID FUNCTION 


By 


CreciLia 


estigators have studied the 


rature d levels of the PBI of 
sert There 1S general 
greement that this iodine fraction 


nts thyroxine 


represe 


and its immediate 


precursors, and that it is a _ reliabl 
neasure of the functional activity of 
the thvroid gland. Using radioactive 
iodin« faurog and Chaikofl showed 
that of the precipitable iodine almost 
90% could be crystallized and was 
dentical with thvroxine by all physical 
ind chemical methods available. The 
purpose of the present study was to 
pph l iccurate method ot PBI de- 
termination to the investigation of 
states ¢ ibnormal endocrine activity 
Methods and Materials. Th« per gan 
t 1 of Riggs and Man‘ was { id t 
Satistactorv tor tl measurement of serun 
Normal I ported 
ranged fr D> 7.0 
LOO ml. of set As witl 
st he « i t 
length of time prece ling 
Ma nd Peters ive 
ind diodrast ma 
the rum PBI tor as long as 
dol instilled for broncl 
y spuriously levated PBI 
ects were idied: n 
nel id patie ts 
ted wit ACTH and 
tis t group t PBI 
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tore and after treatment wit] HH 
or cortisone are presented in Table ] 
Where both pre treatment ind post 
treatment serum levels were obtained 
the PBI levels ished = durir 
therapy with ACTH or cortisone in al 
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tivity independent of altered thyroid — is important to bear in mind that the 
function was not excluded. Paschkis, effects of ACTH and = cortisone are 
Cantarow, Eberhard and Boyle? have widespread and that the beneficial ef- 
shown that the alarm reaction which — fects resulting from the administration 
follows the injection of formalin into of these compounds may be mediated 
guinea pigs is accompanied by a de- through multiple metabolic processes. 
creased uptake of radioactive iodine by We are now studying the effect of 
the thyroid gland. Soffer, Gabrilove ACTH and cortisone on the serum PBI 
ind Jailer’ found that the injection level in hyperthyroid states. 


TABLE 1 EFFECT OF ACTH AND CORTISONE ON THE SERUM PBI LEVELS.’ 
Patient 
1. Arthritis Cortisone 53 3 
veitis Cortisone $2 
DoW Arthritis Cortisone > 2 (after 2 days 


treatment 


1 S (after lOdays 


Mtl Lupus Erythematosus ACTH 1.9 
Leukemia ACTH 
Lupus Erythematosus ACTH 2.3 
Mok Lupus Erythematosus ACTH 21 
¢ Arthritis ACTH 2.3 1.3 
HoH Arthritis ACTH 7 
RG Arthritis ACTH 2.7 
Uveitis ACTH 110 
Exophthalmos ACTH 6.2 2.8 
Phe PBI values before and after treatment are expressed as per LOO 
of serum 
{ epinephrine decreased radioactive Summary and Conclusions. 1. The 
odine uptake in normal animals, but serum protein) bound iodine (PBI) 
nereased it in adrenalectomized ani- levels have been studied in normal 
nals. This increased uptake was pre- subjects and in patients undergoing 
ented by the administration of corti- ACTH or cortisone therapy for col- 
one. The authors concluded that the lagen diseases. 
idrenal cortex exerts an inhibitory ef- 2. The administration of ACTH or 


fect on the thyrotropin stimulating cortisone to patients with various of 
tect of ¢ pinephrine. It is possible that the collagen diseases resulted in a de- 

his was the mode of action of ACTH — crease in the serum PBI in all patients. 

ind cortisone in our patients. What- The mechanism by which this effect 
er the exact mechanism involved, it may be mediated is discussed. 
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\Miiniany tuberculosis of the liver is 
not a commonly recognized clinical 
entity. While it is true that miliary 
tubercles may be found in the liver 
it autopsy in 50 to SOT of cases of pul- 
nonary tuberculosis®*, the syndrome 
of fever, chills, and enlarged liver, with 
or without jaundice in the absence of 


involvement 
8.11,12 


discernibl pulmonary 
has be en considered rare 
The diffic ulty to substantiate, or even 
uspect, a diagnosis of miliary tuber- 
culosis of the liver has been appreci- 
ited by previous authors as well as 
ourselves. A specimen of liver tissue 
tor histological study would be of un- 
questionable value. Few reports have 
ippeared in the literature concerning 
the value of needle biopsy in diagnos- 
ing miliary tuberculosis of the liver2-*. 
We are presenting 3 cases of miliary 
tuberculosis of the liver diagnosed by 
liver biopsy. They are also of interest, 
in that idiopathic hyperpyrexia was 
the presenting problem in 2 of the 
cases. In the 3rd case, fever and 
uundice were the salient features. In 
no case was there roentgenological or 
bacteriological evidence of tuberculosis 
rior to needle biopsy of the liver. All 
ases were treated with streptomycin. 


Case Reports. Case 1. This 34 vear old, 
asthenic negro male entered the hospital on 
November 17, 1945, complaining of weak- 
ness, weight loss, and abdominal distention 
of 2 weeks’ duration. He had an intermittent 
daily fever ranging from 99 to 103°F. 

Physical examination revealed the fol- 
lowing significant findings: a lag of the right 
chest on inspiration with dullness and im- 
paired breath sounds at the right base; 
abdominal distention due to ascites; a barely 
palpable liver edge below the right costal 
margin; and 1+ pretibial edema. 

Chest Roentgen ray showed elevation of 
the right leaf of the diaphragm and a small 
amount of fluid in the right costophrenic 
sulcus. Blood Kahn test, complete blood 
count and urine were essentially normal. 
PPD skin test (0.00002 mg. strength) was 
positive. A number of stools were negative 
for ova, parasites and enteric pathogens. 
Blood non-protein nitrogen) was normal. 
Many blood smears were negative for ma- 
laria parasites. The blood culture was sterile. 
Icteric index was 6. Serum proteins were 8.8 
gm. per 100 cc. with an albumin/globulin 
ratio of 0.6/1. Bromsulfalein dye excretion 
showed 35% retention in 45 minutes. Blood 
agglutination tests for typhoid, paratyphoid 
and brucella were negative. Ten sputum 
examinations were negative for acid-fast 
bacilli. Urine culture was negative for 
tubercle bacilli. 

Shortly after admission the patient re- 
quired abdominal paracentesis. Studies of this 
fluid showed a specific gravity of 1.026 and 
150 white blood cells which were predomi- 
nantly lymphocytes. A culture of the fluid 
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for tubercle bacilli and guinea pig inocula 


tion was negative The febrile course and 
the weight loss continued. One month after 
idmission a repeat abdominal paracentesis 
eld fluid which again was negative on 
uine | noculation and culture for tuber 
LOSIS Three months after admission there 
was clit and roentgenog1 iphic evidence 
| the right thorax although there 
was no paren hymal pulmonary infiltration 
Choracent on the right was iccomplished 
with 1 | tf 1800) of clear amber 
S I ulture and guinea pig in 
tion of ¢t id were negative for tube 
he left the hospital iwainst medi 
il id iter vonths \t that tiie he 
was still ving daily temperature elevations 
rhe caus f the tever pleural ettusion, as 
ites and ral debilitation had not been 
stablis 
He returned to th hospital | vear later 
He had dor well at home until LO davs 
prior when noticed the 
etul al ‘inal swelling and dyspne 
Phys nination showed dullness ind 
bsent breath sounds over both lung’ bases 
\ ioderate iscites ilong witl 
é lower extremities. The liver 
iS ] ble 2 fingers’ breadth below. the 
right stal irgin 
Lal rator data blood Kahn test was 
gative. Urinalvsis showed 2 to 4 plus il 
) nul! with oce isional CT inular « ists and 
specih gravity of 1.020 Phenolsulphon 
phth lein excretion was 45% in 2 hours. Blood 
non-prote nitrogen was normal. Red blood 
} \ | moderate secondar\ nema 
Cher leukoevtosis Serut proteins 
were 0.5 ) pel LOO with in il 
buli ratio ot 0.6/1] ( ephalin 
at la test was negative. Icteric index 
was 4 Aggiutination tests tor tvphoid para 
typhoid, brucella and tularemia were nega 
tive Bl holesterol was 990) go. pel LOO 
witl esterification. Many malaria 
ears Wel rative len sputum exami 
nations for d-fast bacilli were ne gative 
Many blood ltures were negative. Cong 
red test Vas Ti rmal Numerous stool studies 
ere ne tive ror enter pathogens ova 
ind pal Repeated urine cultures wer 


bacilli. PPD skin 


remained positive 


icid-fast 


stre ngth 


negative I 


0.00002 


test 


Roentgen ray of the chest on admission 
confirmed the clinical impression of bilateral 
hydrotho lhoracentesis was pe rformed on 


the left with removal of 800 cx of straw 
colored fluid. This fluid was negative on cul 
ture and inea pig inoculation for tuber 
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LOSIS 


culosis. Daily elevati 


ol temperature rang 
ing from 100 to 104°F persisted. Thoracen 
tesis was repeated on the left, 5 days after 
admission, with removal of 1200 « of straw 
colored fluid. This w 1th The tive n cul 
ture and guinea pig imo ulation for acid-fast 
bacilli. One month after admission the periph 
eral edema and tes had spont ineously 


mobilized Phere Was 
well iS al 
ifter i¢ 


demonstrated compl 


however 


[wo months 


pl ural effusion and 


of the 


months ifter 


liquid bowel movem« 


edema | 


reappe red 
On December 19 
of the liver was pert 
report was as follow 


ire enlarged by the f 


granuloma Phe 
irregular areas of ne 
ne ot spindl sl 
pho¢ tes ind ( iS] 
Liver Ils adjoining t 
ind quenth | 


At autopsy miliary 


the lungs lvmpl n 

ls. left kidney nd t ( d 

Casi This 54 1 wl 
tered the hospital April 26. 1949 
plainin easy fat ty nd a 50 
Wel ht los | veal it 

Physical xaminat exl Cl 
ture LOL°F: chest vel ipabl 
fingers’ breadth below t ht costal mar 
nd questionable ascit 

Laborator\ ninat b 
Kahn test, complete nt low 
normal Li Cae | funct t ts re ke | 
cephalin flocculation bromsulf 
tention, normal icter total | 
teins of 8.6 per 100 vit} ilbumin 
ratio of 0.84/1. PPD sk test (0.00002 
strength) was positive sputum 
were negative for acid-fast bacilli Repeat 
washings wer tive on 
culture for tubercul Blood culture w 
negative. Roentgenogra f the chest sl \ 
numerous nodular ihnitrations throu 


both pulmon rv fields 
There 


fie ld 


left upper lung 


\ dl 


biopsy 


Provresslve 


LIVER 


weight loss 
ntinued sept course 
Roentgen 
| 


was no infiltration 


i pl nt Phree 
there t 
laily pendent 
7 biops 
( | 
d hie pat kk 
Several portal Slet 
tion lor 
mpos | I m 
surroi led b 
fibroblasts 
1] 


ted. Diagn Miliar 


onsidere d to be pn 
ilso infiltration in t 


interpreted is pl 


| 
Puberculosis of I 
} eIVil lot cl Despit 
he died 10 

\ 

er was pertor 


1} 


) 
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pathological follows: 


here is an area of loose 


report Was as 
granulation tissue 
epithelioid 


lymphocytes, 


Ils, one Langhans type giant cell and small 


MILIARY 
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complaining of jaundice and abdominal dis- 
duration, associated 


weight loss. For several days 


comfort of 5 months 


a 10 Ib 


prior to admission he had noted clay colored 


with 


inds of acidophilic homogeneous material. stools and dark urine. 
mphoevtes are increased in the periportal Physical examination revealed icteric sclerae 
wes. Diagnosis: Miliary Tuberculosis of — and a tender liver, palpable 2 fingers’ breadth 
el Fig. 2 below the right costal margin. His tempera- 
Phe patient was started on dihydrostrep- ture was 101.4°1 
vein in a dosage of 0.5 gm. twice daily Laboratory studies Complete blood count, 
© temperature gradually returned to normal urine, and blood Kahn test were normal. The 
ippetite improved and he gained 12 lbs. urine was positive for bile and urobilin in 
weight. Repeated chest film revealed no — dilution 1:10. Stools were positive for urobi- 
hange. Streptomycin was discontinued after lin. Liver function tests revealed negative 
12th week, and patient was discharged — cephalin flocculation, icteric index of 80, total 
proved on the 163rd hospital day. He is to” proteins 9 gm. per 100 ce. prothrombin time 
followed at intervals in the future 27 seconds with a 15 seconds’ control and 
Casi This 22 vear old negro male en alkaline phosphatase 17.9 B.U. The prothrom- 
dsthe pital on September 14, 1949 bin time after 3 days of parenteral vitamin K 
I |. Case 1.—Photomicrograph showing a periportal granuloma containing a large 
Langhans iant cell. There is a small bile duct adjacent to the granuloma (x 110 
6. 2. Case 2.—Photomicrograph showing 2 adjacent granulomata, one of which shows 


a Langhans’ giant cell near the periphery (x 110). 


4 
el 
“4 
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therapy was 15 seconds with a control of 15 


seconds. Sputum examinations gastric 
washings were negative for acid-fast bacilli. 
PPD skin test (0.00002 mg 


positive. An initial chest film was negative 


strength was 


Intravenous pyelograms were negative. Urine 
cultures were negative for acid-fast bacilli. 
Spinal fluid studies including culture and 


guinea pig inoculation were 


negative tor 
tuberculosis 

The clinical picture and laboratory data 
suggested an extrahepatic obstructive jaun 
dice Explor tory laparotomy was being con 
templated when a needle biopsy of the liver 
was done. The pathological report was as 
follows: “Section of liver shows a few small 
tocal tubercles composed of an outer ring of 


lvmphocytes then epithelioid cells which 


TUBERCULOSIS OF THE LIVER 


occurs in 3 anatomical forms: 1. 


miliary tuberculosis; 2, massive tuber- 
culomata; and 3, tuberculosis of the 
bile ducts'. All 3 of the cases reported 
are believed to be of the miliary type 
In the one autopsied case it is believed 
that the hepatic tuberculosis resulted 
from pylephlebogenous spread from 
intestinal tuberculous lesions 

The first patient had been ill for 2 
vears prior to the establishment of the 
diagnosis and the institution of 
streptomycin therapy. He was severely 


debilitated at the time that therapy 


surround a core of pink granular, acidophilic was instituted and lived onlv 10 davs 
Fic. 3. Case 3 Photomicrograph showing an intralobular gt inuloma with a small Langhar 
giant cell at the periphery x LLO 
caseous material. A giant cell is seen in on thereafter. It is not felt that this cass 


ot the Se ireas An occasional canaliculus 1S 
plugged with inspissated _ bile 


Miliary Tuberculosis of Liver.” (Fig. 3). 


Diagnosis 


Subsequent peritoneos¢ opy revealed tuber- 
cles on the left lobe of the liver and on the 
splee n. The veins on the anterior peritoneum 
around the umbilicus were enlarged, suggest- 
ing an early portal hypertension 

After the biopsy, dihydrostreptomycin ther- 
apv was begun in dosage of 1 gm. twice dail) 
and has been continued for 12 weeks. 

There has been a 6 lb. weight gain. How 
ever, the icterus has not shown anv decline 
and the febrile course 
chest film showed a questionable miliary 
spread throughout both pulmonary fields. 


continues. recent 


Discussion. Tuberculosis of the liver 


represented a tau therapeutic trial. 
One can only speculate as to the out 
come of the disease in this patient 
had _ the 


earlier. 


diagnosis been established 

The second patient had been ill for 
1 vear when the diagnosis was estab 
lished. A favorable response to dihy 
drostreptomycin seems definite. Ther 
apy was continued for 3 months. At 
the time of discharge he had beer 
afebrile for ten weeks. he had gainec 
12 Ibs. in weight, and was asympto 
matic. There were no toxic manifesta 
tions trom dihydrostreptomycin. 
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shown no 


Phe third 


lefinite improvement. Streptomycin in 


patient has 
this case will be continued, but its 
alue is open to serious question. It is 
f special interest that the findings 
prior to needle biopsy of the liver were 
such that surgical exploration was be- 
ng contemplated. Securing a specimen 
f liver tissue for histologic study was 
important in establishing the 


presence — of parenchymal hepatic 
lisease 


Other 
ie importance of miliary tuberculosis 


authors have made note of 


f the liver and have prophesied that 
iwareness of this diagnostic possibility 
vould.lead to more frequent recogni- 
tion. Herrell and Simpson’ suggested 
that one of the 
diopathic hyperpyrexia is tuberculous 
Warthin!! 


nphasized that the clinical picture 


causes tor recurrent 


volvement of the liver. 
sembled an acute typhoid state, and 
ie of his cases had been previously 
istakenly diagnosed as Weil's disease. 
It is significant that these 3 cases were 
found in a relatively small series of 
10 liver biopsies done on a general 
edical service. This would seem to 
dicate that the disease entity is not 
frequent 
We believe that the employment of 
edle biopsy of the liver is an impor- 
nt addition to the diagnostic arm- 
ventarium in miliary tuberculosis of 
volvement of the liver. Craddock and 


\leredith? also have recently noted the 
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value of punch liver biopsy in the diag- 
nosis of miliary tuberculosis. It is noted 
by other investigators that tissue 
obtained by aspiration needle biopsy 
of the liver affords precise information 
concerning structural changes this 
organ. We realize that any pathological 
process of localized or patchy distribu- 


6.9.10 


tion may make a true evaluation diffi- 
cult. Only a positive microscopic find- 
ing is significant. Despite this obvious 
drawback, it has been possible in the 
presence of an enlarged liver to diag- 
nose in these 3 cases miliary tuber- 
culosis by microscopic study of ma- 
terial obtained on needle biopsy of the 
liver. The actual technique of needle 
biopsy of the liver has been adequately 
presented by previous authors. 


Conclusions. 1. Three cases of 
miliary tuberculosis of the liver have 
been presented in which the diagnosis 
established clinically, 
hacteriologically, or radiographically 


had not been 


prior to needle biopsy of the liver. 

2. Needle biopsy of the liver is sug- 
gested as a relatively safe and simple 
procedure to aid in the diagnosis of 
miliary tuberculosis of the liver. 

3. It is suggested that miliary tuber- 
culosis of the liver may be a more 
common disease entity than is clin- 
ically recognized. 

{!. The response to streptomycin was 
gratifying in only 1 of these 3 cases 
of miliary tuberculosis of the liver. 
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POLAROGRAPHIC STUDIES OF PROTEINS AND THEIR DEGRADATION 


PRODUCTS 


Hl. THE POLAROGRAPHICALLY DETERMINED PROTEIN 

INDEX IN ARTHRITIC AND OTHER DISEASES 

By Orro H. R.N.DrR 

ASSOCIATE PROFESSOR OF PHYSIOLO( 

AND 

JoHN STAIGE Davis, 

SYRACUSE AND NEW YORK, NEW YO 
the Department of Physiology, Syracuse U1 ( Ml 

the Department of Anatomy, Cornell U1 rsity M ( 

One of the greatest difficulties in of comparison but anv single serur 
the application of Brditka’s polaro- specimen is a poor source of referenc 
graphic protein reaction’ to the study since the “normals” vary among the 
of disease has been the lack of (a selves. ( ‘Tropp who demonstrate 
suitable standards for comparison and a_ correlation - between the polaro 
b) a uniform way of expressing the graphic curve and the protein concer 
results in order to facilitate a com-_ tration of normal serum, abandon 
parison of data obtained by different attempts to work out a_ satisfactor 


workers. This becomes espec ially ap- 
parent if the deviations from normal 
are not as large as in cases of advanced 
Brditka first 


Even in these the results pub 


cancer where noticed 
them: 
lished may be influenced to some extent 
by the enthusiasm of the worker. For 
instance, in looking over the data ob- 
tained by some 20 authors in over 2000 
cancer cases® one finds positive reac- 
tions reported for as little as 54% and 


as high as 100% of the cases tested. 
While these differences in the effec- 
tiveness of the reaction may in part 


be due to modifications in technique, 
they undoubtedly reflect to some ex- 
tent the values which were taken by 


the different investigators their 
upper limit of normal. 
As a rule, the polarogram of a 


“normal” serum was taken as a_ basis 


® This work was supported in part by Mr 
and in part by 
the National 


POR 


a research grant from the 
Institutes of 


Health, U. S. P. H 


normals on the 


and 


standardization ot 


chose the 


basis of this correlation 
standard cvstine s« 


fol all 


ven this evstine si 


wave height of a 


lution as reference protei 


curves. Howe Vel 


lution was not mpl tely satisfactor 
because it showed aging effects whi 
were very rapid once it was added t 
the alkaline cobalt test solutio 
Kohler* preterred the wave height 


a standardized preparation of a co 


mercially availabl peptide is. ref 
ence for his serum analvses. but tl 
it seems, would be very difficult 


duplicate by others 

This lack of basic standards plus t 
fact that the technique is not 
simple and requires special equipm 
the metl 
has not vet become widely used in t 


are sufficient reasons why 


country. Attempts to improve the s 
Marshal Alworth and M1: Sarah D. Gard 
Division of Research Grant ind Fellowshi 


ION 
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tivity and specificity of the polaro- 
raphic reaction for application in 
ncer diagnosis have so far not been 
ery successtul. From our own observa- 
ms. we are led to believe that the 
hange in blood proteins which is 
cle apparent by this test must be a 
eral re sponse of the body to vari- 
is kinds of stress. Trial applications 
f the tec hnique carried out by Walker 
1 Reimann and by Klatt. Rusch, 
Dirksen and Meloche? have more or 
confirmed the findings of Euro- 
ut workers and made obvious the 

| for more basic research. 


Realizing these complications, we 


t set out to simplify the technique. 
Secondly we had to find the basic 
itionship between the observed 
rrent and the characteristics of the 
pping mercury electrode. This was 
ded to make possible a comparison 


results obtained with different 
illaries. since the equation® 
ot applicable to the tvpe of cur- 
t obtained in these studies. It be- 
ne further necessary to develop a 
irds which would permit 
ion of small deviations from 
normal on a statistical basis. after 
mmary tests showed that the 
polarographic protein 


ives Ill 

ctions in the arthritic diseases 
clied hi re are on the whole much 
Ner than Wm cancel We feel we 


e accomplished these purposes (a) 
the development of the protein in- 

bh) by expressing our currents 
electrode 
by establishing the 
mal distribution curve for the 


mIcroamperes mm-. ot 


tace!! and ( 


tein index and for the factors 


ch determine its value! 
t is the purpose of this paper to 
trate the application of these im- 
ements in technique to a study of 
ritic diseases and some other ab- 


alities. We have been able to 


vze our results statistically and 
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thus establish even small but  signifi- 
cant differences between normal in- 
dividuals and patients with different 
diseases. We feel that such an approach 
will help to evaluate the possible ap- 
plications of this technique which may 
eventually aid in an understanding of 
the important disturbances — in the 
protein metabolism which undoubtedly 
occur in many diseases. 


Methods. The procedure for obtaining the 
polarographic “protein index” has been de- 
scribed in detail in the second paper of this 
series!! and needs only to be outlined here. 
The protein index is a function of the ratio 
of the polarographic wave heights obtained 
with 2 different tests, the filtrate and digest 
tests. These tests are carried out on 0.5 ml. 
samples of oxalated plasma which have 
been digested with potassium hydroxide for 
30 minutes. For the digest test some of the 
alkaline digest is added to a cobaltous chlor- 
ide solution containing ammonium hydroxide 
and ammonium chloride as a_ buffer; it is 
then polarographed immediately. For the 
filtrate test, proteins remaining in the alka- 
line digest are first precipitated with sulf- 
osalievlic acid and then filtered off after an 
interval of 10 minutes. The resulting filtrate 
contains some polypeptides which produce 
a polarographic curve when added to a 
solution of hexaminocobaltic chloride con- 
taining ammonium hvdroxide and ammonium 
chloride as a buffer. The wave height ob- 
tained in the latter case (the filtrate wave 
is divided by that obtained in the former 
test, (the digest wave ) This ratio, multi- 
plied by a factor which depends on_ the 
galvanometer sensitivities used for the 2 tests 
then gives us the protein index!!. If these 2 
tests are carried out under identical experi- 
mental conditions on the same plasma sam- 
ple, the protein index becomes practically 
independent of small variations in room 
temperature and of the characteristics of 
the capillary used for the dropping mercury 
electrode. In our opinion these 2 features 
make the technique suitable for routine use 
in the clinic. However, for the research lab- 
oratory we recommend: (a) work at nearly 
constant, known temperature, and (b) a more 
careful analysis of each test by evaluation 
of the wave heights in microamperes/mm?. 
ot electrode surface. The additional informa- 
tion thus gained may be of value, as will be 
shown later. 

The data given in this paper have all been 
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lis way and thus permit a sibilities. As will be shown inclusion 


Statistical analvsis and comparison with tl 


; = re of the latter material did not present 
previously reported normal values These 
1Q7 ~ a serious problem in the final analysis 
re 16 0.17 microamperes/mm2._ for 
the digest test, 2.72 + 0.18 microam In all of these arthritic diseases th 
peres/mm tor the filtrate test and 2.4 polarographic results were so. close 
7 | ) it} ndard 
0.17 for the protein index, with standard to those found in normal individual 
deviations of 0.97. 1.0] and 0 5 respectively : 
that only statistical analvsis could re 
Abnormal plasmas usually produce higher 
wave heights in the filtrate test and lowe veal the existence or non-existence o 
wave heights in the digest test than normal deviations from the normal. An evalua 
plasmas; a combination of the 2 tests in th tion of the effect of treatment in an 
protein index may th ore magnify thes 
% sae ereror , single one of these cases by an obser 
deviat trom normal and make the polar " 
aevi I n I na il | 
} ; vation of the changes in the proten 
grap nalysis more sensitive 


The test as it is used at present is f index is therefore unreliabk On the 


ourse still empirical because we do not know other hand such a follow up of in 
he t natu } subcta ec 
tl nature the in dividual patients appears to he entire! 
blo d res] nsible tor the Curves The Tes Its 

feasible whenever the protein ind 

Dtained with sucn empiric il tests m 1] 
hey t} less he ot considerablk \ Sil value are high his will be ustrate 

inv clinical tests are used successfully wit] by a case of mumps-arthritis. In add 
out a clear understanding of the exact mecl tion, data will be presented whic 

hy t discovered thec« 1 
in Brdi Ka who firs 1] : red were obtained with plasma trom cat 
polarograp!l protein reactions has ascribed 

if 
the bserved currents to the reduction of cel patients befor ind after trea 
hvdr ions it di pping mercury ment and with 1 ionkevs itter th 
electrode talvzed bv the co iple x whicl i.dministration of a carcinogen. The 
formed between cx d sulfvdrvl croups ] 

I n and sulfvdrv] Troup. make it seem vel probabli that tl} 

An) groups are first reduced t 

COUTSE ot tre itn it ot NANCIE 
sull r\ yroups at the dropping mercur 
electrod but the currents resulting from thi Call be evaluate i om individual Cas 
reactior h is non-catalyt re so I] means of the prot cle X 
parison with the ( italvtic currents TI ] 11 nt wu 

I S al pine 1S¢ 
t he 1 sligible Probably | arattl md equi en 
phul ntaining groups in a protein molecul has been described befor All « 
I not tre el igh to ré t polar raphi periments wer ( irried out it roo 
Ikaline divestior ipparentiv canse 
kaline dig y tau temperature which did not varv mor 

n ul Iding or rearrangement within the 

than In most instances dunlie if 

l€ ind thus exposes larger number 

I 

t sult irv] 7TOUpS while it splits off mam analvses on each plasma sample va 
polypeptides and amino acids at the results which did not differ by m 
The digest test represents the } 

than 
protei lecules ifter ilkaline digestion 
while the filtrate test represents the poh The results obtained in the arthrit 
peptice S probably peptones TY proteoses cliseases have been summarized 
iccumulated during the digest Table ] The tests were « irried 


Our study included the following over a period of several years and 


irthritic diseases fibrositis osteo- many cases an attempt was made 
uthritis, gout, Marie-Striimpell dis follow the effect of treatment by 
ease, and rheumatoid arthritis. For peated plasma inalvses. The numl 
purposes of comparison we have dis of plasma samples listed in the Ta 


tinguished between those diagnoses in are therefore considerably larger tl 
which the signs and symptoms were the number of cases. Since the prot 


typical of a single disease (as far as index of patients did not remain <« 


that is possible) and those in which — stant during treatment, our statist 


several diseases were listed as pos analvsis has been made on the basis 
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plasma samples rather than cases 
studied 

For comparison, the normal values 
have ilso been given in Table 1. In 


general all differences from normal 
are significant when the ratio of th 
difference to the standard error is 
create! than 2: whenever the differ 


ences are highly significant, this ratio 


has be en italicized. 


Protein Index. It becomes immedi- 
ately obvious from Table 1 that the 
protein index in fibrositis and osteo 
rthritis is essentially normal and that 


it is definitely increased in gout, Marie 

Striimpell disease, and rheumatoid 
irthritis. While this increase is, on th 
average, not very large compared to 


some other diseases which will be dis 


cussed later, it is highly significant 
nevertheless. If we compare groups 
t of cases which were considered 


tvpical of the disease with correspon 1 


groups (a) in which cases 


included which were not so typical Tr 


in which the 


ing 


wer;re 


diagnosis was doubtful 


we find practically no difference in the 
protein index. This indicates, in our 
opinion, that possible errors in diag 
nosis cannot have had anv significant 
effect our results 

The difference between male and 


female patients with rheumatoid arthri 
statistically 


equ il to 2.29 times the standard error 


Tic 1< hy, Ing 


significant 


of the difference). This difference was 
surprising since there is no difference 
in the protein index of normal men 
ind women. It may perhaps mean that 
men who are about a third as likely 
to get the disease might be more se- 


verely affected once they get it. If we 
compare the mean values for the 
severe mixed, and mild cases of 


rheumatoid arthritis we find protein 


indexes of 4.4, 4.2 and 3.4 in the ex- 
pected order However statistical 
analysis shows that these differences 


ire not significant, probably because 


ALLY DiI 


PERMINED ‘TEIN INDEX 
the number of cases tested is not large 


enough. From this it becomes evident 
that a prognosis of rheumatoid arthritis 
would 


by means of the protein index 


be unreliable. Obviously diseases in 
which the prot in index is so close to 
differ 
ent in this respect from the ones in 
marked deviation from 


i return to normal dui 


normal as in the above must be 


which there is a 


normal so that 


mg recovery Can easily be obse rved 
that is in cance tuberculosis, or in 
the case of mumps arthritis described 
later 

The difference between the meat 
values of the protein index of typical 
gout cases in general and of cases 
during an acute attack is statistically 
signifi int here too _ the 


However 


values are so close to normal that it 

anv individual case the results may 

var\ unpredicta iS may See! 


from the examples given in Table 2 


rABLE 2 PROTEIN INDEN IN GOUT 
{ { 

/ / D 
14 18 

14 

P.M 7 9 

1S 

Filtrate Test. The findings in Table 


| essentially parallel those obtain 
with the protein index since the mag 
nitude of the 
termined by the filtrate wave. It is « 


that the mean 


latter is largely de 


interest 
filtrate 


values of th 


wave in fibrositis are lower tha 
normal, whereas all other diseas« 
studied by us show an increase abov 


1 


normal if there is any change at a 


The amount by which these waves a1 
and the numb 


lowered is too small 


of cases not sufficiently large to mak 
this deviation from normal statistical 
significant. However, out of the typic 
ill but 2 showed tl 


fibrositis cases 


Lr 
lent 
ritis 
yuld 

to 
fer 
rom 
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ire negative deviation so that we feel 
that it may be of some significance, 
ind might warrant further study. 

Digest Test. The results shown in 
fable 1 also are essentially the same 
is those obtained with the protein 
ndex. The only difference noted is in 
typical cases of osteo-arthritis where 
the digest wave is significantly lower 
than normal. Although we do not have 
iny direct evidence, we presume this 
o be merely a reflection of changes 

total plasma protein’. 

Discussion of Results. In spite of 
the fact that the deviations from 


ormal in the polarographic tests have 
been quite small in the above arthritic 
liseases, a definite difference has been 
found between the 2 groups, Osteo-ar- 
thritis and fibrositis on the one hand and 

arthritis, Marie-Strimp- 
ells disease and gout on the other 


eumatoid 


ind. This difference is in accordance 
vith other clinical evidence by which 
the 2 groups are segregated. Thus, for 
nstance, the sedimentation rate and 
albumin and globulin content of 
lood are normal in osteo-arthritis 
id fibrositis whereas the sedimenta- 
m rate is elevated rheuma- 
id arthritis and Marie-Striimpell’s 
sease, and in gout during an acute 
ttack; furthermore the globulin con 
it is high and the albumin content 

v in all 3 of these diseases*. 
We conclude therefore that the pro- 
n index is a sufficiently sensitive 
isure to indicate small changes in 
tein metabolism if a large enough 
ies of experiments is performed to 
rmit statistical analysis. However, 
protein index at present does not 
pear to be suitable for following 


course of a disease unless its devi- 
mm from normal is of greater mag- 
tude than in the arthritic diseases 
cussed above. No systematic studies 
this nature have so far appeared 
the literature but the indications 
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are that it is entirely feasible in can- 
cer’ and some infectious diseases®. To 
illustrate this possibility we are pre- 
senting here a striking case in which 
exceptionally high values of the pro- 
tein index were found. This case of 
unusually severe arthritis following a 
period of swelling of the left parotid 
gland was diagnosed as “mumps arthri- 
tis”. The details of this case will be re- 
ported elsewhere by one of us (J.S.D.); 
in this paper we are interested only 
in a comparison of the laboratory find- 
ings which are shown graphically in 
Fig. 1. It is clear from this Figure 
that there is a marked rise and fall 
in all 3 measured quantities; the white 
cell count, the sedimentation rate and 
the protein mdex. It appears that the 
fall in white cell count precedes that 
in the sedimentation rate while the 
latter almost coincides with that in 
the protein index. This raises the ques- 
tion whether the last 2 measurements 
indicate the same abnormality in the 
blood. 

Several investigators who have com- 
pared different modifications of the 
polarographic protein reaction with 
the sedimentation rate have concluded 
that there is, in general, a tendency 
for the polarographic findings to indi- 
cate abnormality whenever the sedi- 
mentation rate is elevated. However. 
in nearly every case there were 
marked exceptions so that the sedi- 
mentation rate may be low when the 
polarographic reaction is high, and vice 
versa. In none of these studies has a 
statistical analysis of the correlation 
been attempted. 

Our experiments likewise indicated 
that the protein index was often high 
when the sedimentation rate was ele- 
vated but that there were numerous 
exceptions, as, for instance, in preg- 
nancies, where the protein index was 
practically normal''. We consequently 
performed a statistical analysis of the 
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correlation with 192 samples for which 
we had determined the protein index 
and the sedimentation rate (Weste1 
gren technique). We found the follow- 
ing correlation coefficients: 0.48 for 
the protein index, —0.56 for the digest 
and 0.42 for the filtrate values. This 
would indicate that the large protein 
molecules, as exemplified by the digest 
values, are more intimately related to 
the sedimentation rate than the smalle1 


polypeptides which are expressed in 
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the filtrate values and which contribute 
most to the changes in the protei 
index. 

It remains to be decided in what 
diseases a checkup of the treatment of 
a patient by means of the protei 
index will most likely be worthwhile 
On the basis of our past experienc 
we would place in this category any 
disease producing a protein index of 
6 or more, that is, at least 1 unit highe 


than the highest normal values whicl 


3 2 We 
2 
4 
4) 
6 o 
e moa alue 
5 ree meas ene 5 
4 
AYS after discharge 
Fic. 1.—Correlation between Protein Index, Sedimentation Rate, and White Cell Count i: 
ise of Mumps Arthritis 
Py 4 | 
| 
| 
MONK 
em 
M 
| 
M 
DAYS 3 4 
Fic. 2.—Changes in the Protein Index of 3 Monkeys after Administration of Dibenzanthra« 
The drawn out curve represents the average of the results obtained 
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we have observed so far. Besides can- 
cer, this would include some of the 
highly infectious diseases such as 
pneumonia and tuberculosis. In cases 
of cancer even low protein index 
values may bear watching when they 
have been obtained after surgical re- 
noval of the tumor, since they may 
be increased by metastases. Changes 
in the protein index of monkeys after 
the administration of a carcinogen have 
ilso been large enough to justify ob- 
servation of individual cases. In Fig. 2 
ire shown the results obtained with 
} monkeys to each of which dibenzan- 
thracene was given in 2 doses of 200 
ng.° As may be seen, their response 
vas fairly uniform. 
\n idea of the values which can be 
expected for the protein index of 
uicer patients before and after treat- 
ent may be had trom Table 3. It can 
be noted that the protein index is 
igh in active cancer cases and shortly 
ifter removal of the tumor; it is further 
vident that perfectly normal as well 
is rather high protein index values can 
found after treatment. On the basis 
f these figures, it seems reasonable 


to anticipate that it should be possible 
to follow the condition of cancer pa- 
tients during and after treatment by 
repeated determinations of the protein 
index. Work is now in progress to 
evaluate this application of the protein 
inden. 

Summary. It has been shown that 
the protein index in gout, rheumatoid 
arthritis, and Marie-Striimpell disease 
is significantly different from that 
found in fibrositis and osteo-arthritis 
where it is essentially identical with 
the protein index of normal individ- 
uals. These findings are in accord with 
other clinical evidence by which these 
arthritic diseases are segregated into 2 
groups. Since the observed deviations 
from normal in the protein index were 
very small, their significance could be 
proved only by statistical analysis of a 
sufficient number of samples. While 
this seems to establish the protein in- 
dex as a sensitive indicator of small 
changes in protein metabolism if ap- 
plied to large numbers of cases, it also 
demonstrates that the protein index is 
unreliable in diagnosis and prognosis 


rABLE 3. PROTEIN INDEX IN CANCER CASES 


Nea Diagnosis Protein Indes 
Pelvic tumor 15.2 
E.% M Ca stomach 15.7 
M Ca left testicle with metastases 
I Cerebral metastases from breast 

adeno Ca (r. and |. mastectomy 

2 and 3 vears ago 11.1 
I.) M Adeno Ca of sigmoid, 5 days postop 10.0 
AH M Ca caecum, 4 days postop 8.6 
Nl Ca rectum, resected 1 yr. ago 9.1 

...* Ir Ca sigmoid, resected 2 yrs. ago 2.5 
F.G M Ca larynx—treated—well 2.6 
R.M | Benign tumor in left breast 1.9 
kK. B iD Ca breast, removed 1 yr. ago 1.5 
5. M F Ca breast, removed 2 yrs. ago 1.2 
5.5 Ir Ca breast, removed 8 yrs. ago 6.9 
M.1 Ir Malignant tumor, removed 6 yrs. ago 10.3 


° Plasma samples for this study were kindly furnished by Dr. K. Dobriner of Memorial 


spital New York. 


iy 
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of individual patients suffering trom 
anv ot these diseases. 

It is suggested that diseases in which 
the protein index is greater than 6 are 


suitable for studying the effect of treat- 


l Walker, A. C., and Reimann, S. 


ALLY 


ment by observation of the protein recovery, and in monkeys after the 
index. Some infectious diseases, and administration of a carcinogen 
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cancer, in which the protein index may 
be even greater than 10 belong in this 
marked 


changes in the protein index are shown 


category. As illustrations 


in a case of mumps arthritis during 


oy} 
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THE RESPONSE TO METHACHOLINE IN RHEUMATOID ARTHRITIS® 


By Greorce A. PERERA, M.D. 


ASSOCIATE PROFESSOR OF MEDICINI 


AND 


M. PLorz, M.D. 


POSTDOCTOKATE RESEARCH FELLOW, NATIONAL INSTITUTES OF HEALTH, U. S. P. H. 5 
NEW YORK, NEW YORK 


From the Columbia University College of Physicians and Surgeons, the Presbyterian Hospital, 
New York, and the Edward Daniels Faulkner Arthritis Clinic) 


INCREASED sensitivity to methacho- 
ine, which was observed? in 1945 in 
atients with adrenal cortical insuf- 
ficiency, suggested a defect in the 
response of the autonomic nervous sys- 
tem. The reported effects of the ad- 
enocorticotropic hormone and _ corti- 
one on rheumatoid arthritis! prompted 


study of the responsiveness to metha- 
holine in this condition, comparing it 
that seen 


itients with other disease states. 


n normal controls and in 


Methods. Methacholine chloride was ad 
istered beutanecously in doses of 2.0 mg. 
21 ambulatory clinic patients with rheu- 
toid arthritis, 10 normal controls and 20 


tients with varied medical disorders. The 


ignosis of active rheumatoid arthritis was 
tablished in each instance by appropriate 
ratory and serological tests as well as on 
nical grounds. Although some of this group 
re receiving salicylates or gold salts at the 
of the experiment others were being 


n no medi won 


All observations were made with the sub- 
t lving flat in bed. Blood pressures were 
rded every minute for at least 10 min- 

prior to tlie administration of metha- 
line and until successive readings showed 
fluctuations. After injection, readings were 
de at minute intervals until values had 
red to their initial levels. The lowest 
tolic and diastolic values were recorded 
| compared to the baseline determinations 
phasis was placed on the change in dia- 


+ Mecholy! chloride (Methacholine Chloride 


stolic pressure because of the greater varia- 
tion encountered in the systolic. The con- 
sistent similarity of the response, by means 
of repeated tests undertaken by different ob- 
servers im subjects of each group, supported 
the validity of the change in diastolic pressure. 

Elderly or hypertensive patients and those 
with mvocardial disease or allergic disorders 
were purposely not tested because of the 
possibility of adverse reactions or the dangers 
of too great a blood pressure fall. Atropine 
was kept available for immediate hypodermic 


use. 


Results. The effect on blood pres- 
sure, following the subcutaneous in- 
jection of 2.0 mg. of methacholine 
chloride, is shown in the accompany- 
ing table. The maximum drop_ in 
arterial tension occurred between 2 
and 4 minutes after injection. 

\ decrease in diastolic pressure of 
10 mm. of mercury or more was re- 
corded in 20 of the 21 patients with 
rheumatoid arthritis. The one subject 
who responded to a_ lesser extent 
showed fewer clinical and laboratory 
signs of an active process than any 
other in the series. In contrast, but 2 
of 10 subjects without disease and 6 
of 20 patients with varied medical 
disorders showed a diastolic fall of 
10 mm. or more. Of the 6 hyperreac- 
tors with other conditions, it is note- 


Merck). 


* This investigation was supported, in part, by a research grant from the National Heart 
titute, U. S. P. H. S., and was aided by the Albert and Mary Lasker Foundation, the Albert 


and Jessie D. Wiggin Foundation, and 
1 Human Welfare 


the Masonic Foundation for Medical Research 
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worthy that 1 had lupus erythematosus 


disseminatus, and 3 were suffering 


from active viral infections. 

The majority of persons tested noted 
varying mild sensations of facial flush- 
ing and warmth, sometimes increased 
salivation. Palpitations and increased 

remarked 
Visible red- 


ness of the face and neck was the only 


peristaltic activity were 


upon in a few instances. 
objective finding in most cases. These 


reactions severe in the 
with rheumatoid 


Comment. This study 


were more 
arthritis. 


indicates that 


group 


patients with rheumatoid arthritis are 
conspicuously more sensitive to small 
of than 


doses methacholine 


are nor- 
mal controls or patients with the other 
active disease processes tested. Fac- 


PERERA, 


PLOTZ: 


tion rate, weight loss, emaciation or 


chronic illness cannot be regarded as 


responsible for the difference in reac 
tion, as these conditions were more 
pronounced in many of the patients 
with non-arthritic disorders 

The exaggerated response to metha 
both 


Addison's disease might be 


choline in rheumatoid arthritis 


and em 
ployed as an argument relating this 
form of arthritis to the adrenal cortex 
particularly in view of the effects of 


should 


path logical 


hormonal therapy It be re 
called. that 


changes in peripheral 


however! 
nerves and 


autonomic dysfunction may occur. in 


that 


turbances in autonomic nervous system 


rheumatoid arthritis and dis 


responsiveness mav be part of several 


tors such as fever, elevated sedimenta- disease states. Nevertheless, the ob 
rABLE 1 EFFECT OF METHACHOLINE CHLORIDE ON BLOOD PRESSURI 
R d Arthriti Normals and Other Disease State 
120 74 118 70 normal 124 80 2 
126 80 106 70 It 66 104 64 100 62 ) 
114.68 110 58 10 120 78 116 74 
118 72 112 60 ] 100 6S O90 64 
144 86 102 74 116 82 110 78 
128 86 118/74 ] 120 76 110 70 6 
100.70 56 ] 114 76 106 70 6 
140 86 124,72 14 110 74 104 68 6 
102 64 94 50 / 120 64 108 54 
134.76 112 62 1| 106 60 Q8 48 
120/68 114/52 
110/70 94 54 If 
118/76 110 60 pul. tubers 06 70 06 70 
110/80 96 64 if metast. carcinoma 100. 60 96 58 2 
92,62 80 46 If gastric carcinoma 106 72 102 6S } 
128 78 114 60 Is nephrosis 122 78 110,74 
104/64 92/44 polio., convales« 120 78 104 74 
106 66 100 44 exfol. dermatitis 110 60 106.56 
100,70 70/48 ulcerative colitis 106 60 96 54 6 
118 90 104,68 pul. tubers 110,70 104 64 6 
108/68 105 40 subac. bact. endocare 102 62 82 56 6 
periph. vase. disease 142 90 124,84 6 
pyelonephritis 105 60 100/54 ( 
unexplained fever 132/64 128/56 8 
regional ileitis 118 74 108 66 Q 
lymphoma 104,78 84/70 
pul. tubere 118/70 110 60 1 
homol. serum jaundice 110 64 98 54 Ii 
tuberc. of spleen 118 66 108 54 / 
prim. atyp. pneumonia 110,70 98 48 
infect. hepatitis 130,64 96/42 
lupus erythem. dissem 98 68 94/46 
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erved results suggest that vasomotor 
lerangements in rheumatoid arthritis 
hould be considered further. Further- 
nore, the autonomic nervous system 
hould not be ignored in the search 
for mechanisms of action of the adre- 
ocorticotropic hormone and cortisone 
arthritis and other conditions. 
Summary. |. The response to metha- 
holine chloride was tested in patients 
vith rheumatoid arthritis and com- 


pared with that observed in normal 


IN RHEUMATOID ARTHRITIS HOO 


controls and in patients with other 
diseases. 

2 A decrease in diastolic blood 
pressure of 10 mm. of mercury or 
more was recorded in 20 of 21 patients 
with rheumatoid arthritis, 2 of 10 nor- 
mals, and 6 of 20 patients with varied 
medical disorders. - 

3. Whether the difference in re- 
sponsiveness is related to a function of 
the adrenal cortex or the autonomic 
nervous system remains to be deter- 
mined. 
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ABSENCE OF INTRINSIC 


By PAULSON. 
C. Lockarp CONLEY, 
AND 


EUGENE S. GI 


AL TIMOR! 


Gastro-intestina 1 Nutrition ¢ 
Dey nt of Medicin I 

lr th intrinsic factor of Castle is 
produced solely by the stomach, then 
total gastrectomy should be followed 
regularly by th development of 
pernicious anemia. This was a point 
nade by Castle himself during his 
early studies However, at that time 


such an extensive operative procedure 
was rarely attempted and opportunity 
to observe the results of 
ivailable 
ple te removal of the stomach has often 
been 
tients 


gastrectomy 


was not In recent vears com 


performed. Although a few pa 


have developed pernicious 


anemia following this operation, the 


rarit yf its occurrence has been re- 


Why 


fails to occur following gastrectomy has 


markabl pernicious anemia 
not been satisfactorily explained The 
possibility of extra-gastric sources of in- 


The 


man 


trinsic factor must be considered 
work of Castle 
intrinsic tactor is not produced in the 
below the 
Meulengracht? 


demonstrate an 


indicates that in 


gastrointestinal tract 


AC h 


stom 
Howeve r, 
able to 
effect of 


the duodenal juice of swine 


was 
anti-anemik 


hog intestinal extract, and 


has been 
report d to produce a hematologic re- 
sponse in with 


patients pernicious 


anemia”. The purpose of our studv was 
to determine whether upper intestinal 
total 


secretion 


trom patients with 


Kperime nts are 


10 


FACTOR FROM INTESTINAL JUICE 
OF PATIENTS FOLLOWING TOTAL GASTRECTOMY‘ 


M.D 
ADSDEN, 
MARYLAND 
linic and the Divisi t Clinical Microscopy 
Hopkins Univer | Hospital 
gastrectomy would produce a reticulo 
cyte response when administered to 
patient with pernicious anemia it 
relapse 
Experimental Study. Three patients 
had recovered fi total gastrectomy f 
f ] Wer! ] is ft 
t Ni wed il 
evidence ot per . ine With t 
patient fasting, I tube w introduc 
into the jeyum ite mtent 
pirated er pe | 
procedure wa repeat lon 3t 12 occasior 
f r eacl subject Seventy to 100 « of bil 
stained fluid were Dtamed at ea SESS 
Che ispirated mate! vas strains | throug 
tu ind kept in the frozen state unt 
used. Assay of thi ntestinal secretion {| 
ntrinsi factor rried out idmit 
tering it t i pat t with t p peri 
inemia it relaps On each d that t 
intesti il tel | p rt 
was thawed i vit 200 of 1 
ooked beef, acidif th HCl t pH 
incubated at 37°C for 4 hours. The mixt 
was then neutralized with sodiu hvdroxi 
ind fed to the patent with pernici us anen 
A total of 1600 « f intestinal juice w 
given ove! 1 peri | f 6 consecutive da 
Daily reticulocyt ind other bl 
studies were pertori ed. The results of tl 
experiment are wn in Table 
intestinal juice produced no hematol 
response whatever during 14 davs of obsen 
tion. The patient was then given intram 
cular injections of liver extract. This thet 


followed day 
reti vtes 


later by t TISé 


pe uk of 12.3% on t 


was 


with 


now under way to explore the effects of admit istering vitamin B 
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rABLE 1 HEMATOLOGIC EFFECTS OF 


ADMINISTRATION OF 


rOR FROM INTESTINAL JUICE 311 


INTESTINAL JUICE 


\ND SUBSEQUENTLY OF POTENT LIVER EXTRACT TO A PATIENT WITH PERNICIOUS 


ANEMIA 
Reticulor yle 
Therapy 
Control “oe 
period 
»—4 4 
1! 4 1 4 
12 4 4 
Is 4 ntestina 
Hee 
1G 4 os 
17-4 10 
4 
47 
22-47 14 
) Os 
aos 
6-47 0.7 
Liver 2.9 
tra 1205 
4 ntra 1.2 
scularl 
4S > 
1 48 
ubsequent complete hemat 


TCTMISSION 

Comment. The failure of rather large 
juantities of human upper intestinal 
ecretion to produce a hematologic re- 
ponse in a patient with pernicious 
iemia was demonstrated. The lack 
f response indicates that intrinsic 
ctor, if present in intestinal secretion. 

in too low a concentration to be 
etected by this method. We are aware 
hat the intestinal juice contained bile, 
hich was probably a major component 
{ the material aspirated. This experi- 
ent does not exclude the possibility 
t extra-gastric source of intrinsic fac- 
r, but if such a source exists in human 
ibjects it remains to be demonstrated. 
-Oldhamer! was able to produce a 
ticulocyte response in patients with 
rnicious anemia by administering 
rge quantities of gastric juice from 
ther pernicious anemia patients. His 
servations suggest that there is a low 


mcentration of intrinsic factor even 


the gastric juice of pernicious 


Hlematocrit Hemoglobin Red Cells 

yn 100) million 
27.9 90 2.58 
2 2.59 
3000 48 
25.2 

25.4 

0 

Is 0 

27 0) 2.28 
27.2 2.43 

20600 | 25 
0 9.5 2.54 
2.15 
0 > OF 
> 
1.9 2 67 
3.2 10 4 > 0S 
8 145 >.12 


anemia. Our studies indicate that if 
intrinsic factor is present in intestinal 
secretion, its concentration must be 
lower than that in the gastric juice of 
patients with pernicious anemia. 

It is possible that the factor of time 
is concerned with the low incidence 
of pernicious anemia following gas- 
trectomy®. The one patient observed 
in our clinic who developed pernicious 
anemia following gastrectomy went 7 
vears following the operation before 
svmptoms developed. In some of the 
other reported cases the latent period 
has also been prolonged'. It is well 
known that following withdrawal of 
liver therapy, some patients with 
pernicious anemia may go for very 
long periods of time without recurrence 
of anemia’. It is not improbable that 
normal individuals have a much larger 
store of EMF and can be deprived of 
intrinsic factor for even longer periods 
of time without detrimental effect. Re- 
cent demonstration of the remarkably 
minute quantity of liver factor ( vita- 


™ 
| 
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min B 12 required for maintenance 
of a normal blood picture in pernicious 
anemia'! lends credence to the theory 
that EMF 
sufficient to maintain patients for years 
following gastrectomy. At the present 
time there are few patients with total 


who have been observed 


existing stores of mav be 


gastrectomy 


CONLEY, 


GLADSDEN: 


become available to determine whether 


they will eventually develop perni- 


cious anemia. 


Summary. Intestinal juice aspirated 
from the jejunum of patients following 
total gastrectomy produced no hemato 


logic response when administered in 


for 5 years or more!. It will be of in- large quantities to a patient with 
terest to study these patients as they pernicious anemia 
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PERIARTERITIS 
EOSINOPHILIC 


NODOSA SIMULATING 


LEUKEMIA® 


A CASE REPORT 


By Cuarves R. BLACKBURN, M.D. 


CHIEI 
CUSHING 
FRAMINGHAM, 


OF 


Fro the Medical Service, Cushing 


In eosinophilic leukemia there may 
e a preponderance of mature eosino- 
hils in the peripheral blood and bone 


irrow with little infiltration of or- 
ins Because of its rarity and this 
lissimilarity from the more common 
pes of leukemia, the existence of 


sinophili leukemia as a_nosologic 
tity has been questioned®'*. In 1944 
Friedman, Wolman and Tvyner® collect- 
| 12 cases of eosinophilic leukemia 
rom the literature, adding a case of 
Since then, 
ports of eosinophilic 


he Ir own scattered case 


have appeared. Hodgkin's dis- 
periarteritis nodosa™ 1318, and 
chinosis'® as well as less clearly un- 
rstood febrile illnesses*:!> pro- 


ce a predominantly eosinophilic leu- 
eyvtosis of a magnitude suggestive of 
ukemia be characterized 

a preponderance of mature eosino- 


and mav 
hils in peripheral blood and bone 
moderate infiltration of 
Thus, the findings of 
numbers of eosinophils in the 


irrow with 


ther organs 
rve 
rculating blood may obscure rather 


define diagnostic 


in a particular 


oblem. The following case is con- 


lered illustrative. 
for 


previously, 
2 year old. white 


Case Report. Except transient joint 


M. W. (CVAH 


married female, 


3 years 
118), a 


VETERANS ADMINISTRATION 
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HOSPITAI 


Veterans Administration 


Hospital 


was in good health until the onset of severe 
menorrhagia 6 months before hospital admis- 
throat 
she complained of weakness, vomiting, back- 
fever, swelling of the face and eyelids, 
and aching, hot, tender wrists, elbows and 
At this time at another hospital the 
65,000, with 75% 
red cells per 
Three weeks 


sion. Following a sore 3} months later, 


«i hie 


knees. 
leukocyte count 
eosinophils. Eight nu leated 
100 white cells were 
prior to her admission to Cushing Veterans 
Administration Hospital, widely scattered 
purpuric spots appt ared in the skin and short- 
ly thereafter 
upper quadrant pain lasting several days. Her 
weight fell from 125 to 105 pounds and at 
times she appeared to be mentally confused. 

Soon after admission, the patient 
plained of dizziness, was incontinent of urine 
and became unresponsive. The temperature 
108 the blood 110/70. 
Pupillary reactions and optic fundi were nor- 
mal. There were numerous petechiae over 
the trunk, extremities, face and conjunctivae. 
The heart was normal. The liver and spleen 
could not be felt. There was no lymphadeno- 
pathy. Right hemiplegia with aphasia was 
present. 

Laboratory Findings included: red blood 
cells, 4 million per c.mm.; hemoglobin 12.0 
per 100 leukocytes 102,000 per 
c.mm. of which 14% were polymorphonuclear 
neutrophils, 9 lymphocytes, 2 monocytes, 
eosinophils. Of the eosinophils, 58 were seg- 
mented forms, 15 band forms and 2 metamye- 
locytes. Platelets were slightly reduced on 
smear and by direct count numbered 101,000. 
Urinalyses were negative, the specific gravity 
varying from 1,011 to 1,034. Tourniquet test 
showed 5 petechiae per sq. cm. Coagulation 
time, bleeding time, clot retraction, blood 


was 


observed 


she complained of severe left 


com- 


was and pressure 


gm. 


75 


* Sponsored by the Veterans Administration and published with the approval of the Chief 


lical Director 
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[he statements and conclusions published by the author are the result 


s own study and do not necessarily reflect the opinion or policy of the Veterans 
ninistration 
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non-p nitrogen, serum calcium, phos 
p! I il} line phosphat iS¢ url iC id Was 
Se! tal protein, ibumin, globulin 
holes nd creatinine were within normal 

ts. N 1 or parasites were found o1 

1 t 1 examinations. Skin and comple 

ent { n tests for trichinosis were nega 
t i heterophil agglutination was posi 

. 1:56 dilution. The chest, pelvis, skull 
und hones were normal by Roentgen-ra\ 
eX nat Sternal bone marrow aspiration 
showed rked infiltration with eosinophils 

lifferential count of the marrow smeat 
phils 15, eosinophili band 

SInO} nvelocytes 1 neutt phili 
| ytes 2 ly ipho vtes 6 rmoblasts 3 

11 
normol 

During the first 2 hospital weeks ther 
vas low grade fever and the neurologic ini 
testat p sted Thereafter she became 

d h I hemipl fla ind iphasi 
y improved Leuk te count 

t 60.000 to 100.000 per ec.mm 

phils from 64 to 90 Neither t] 

t tf 25 mg. of adrenocorticotropi 
hor I ACTH) nor a course of ymbined 
bacte ne containing several tvpes of 
rg sms pl duced any significant riatior 
n kocvte int or eosinophilia. Six weeks 
ifter adi mn the patient suddenly became 

t 1 exhibited signs of a left hen 

o VW the next few davs t} blood 

. which had previously been normal 

S t 20/140 and scattered patches of 

lat 1 fresh hemorrhages ippr ired in 
the ular fundi. The blood non prote in nitr 
g rose tr 28 to 70 mg. per 100 the 
leuko mint fell from 64,000 with 66' 

SINO] ils t 8.000 with 39 eosinophils The 
tient d quietly without regaining con 
iousnes 

Nec! howed the characteristic lesions 
periarte! nodosa involving the arteries 
tr t heart, kidneys, liver, spleen lymph 
nodes ill bladder Fallopian tubes ind 
brain, with an area of encephalomalacia of 
the left cerebral hemisphe re ind a massive 
fres] emorrhage into the right cerebral 
hemisphet both due to destruction of cere- 
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nod bone 


life filled 


maturation 


The 


was 


vessel D\ il Sa 


pe rl 


marrow post mortem In 
I 


with ¢ osinophils in 


Without 
diagnosis would 
leukemia 

and 
fatal 
bov associated 
101,200 with 7S' 


the 
been eCosino 
1942, Engback 
reported 


Comment. necropsy 


have 


homsen!' 


philic 


Heerup 


chronic illness ll a year old 


i 


with leukoevtosis o 


eosinophils in whon 


necropsy showed changes in the lung 
similar to those in animals dving ol 
in phyla tic shock and changes in the 


with 
nodosa. In reviewing 13 report d cases 
leukemia. they 


arterial involvem« 


arteries consistent periarteritis 


of eosinophilic found 
ot 


) 


) 


evidence 
of showed severe myocardial 
damage. Only of the 13 cases shower 
the leukemic 
changes in the organs and mvyeloblasti: 
the blood Sval 


ral scribed i necropsied case O 


t in 


whic h 


what considered true 


change 


] 


picture 
erg 
periarteritis nodosa with asthma an 
75.000 
] 


as high witl 
Hi 14 
ported cases of eosinophilic leukemi 
and believed that 


i second case. the diagnosis ot 


a le \ tosis 


aS 


75% eosinophils reviewer re 


in one and possibly 


per 


arteritis nodosa had been overlooked 
Ot the 6 reported CASES O77 
eosinophilic leukemia | had 


There was no mention of the arteri 


recently 
asthm 
in the pathological reports of 2 of th 
3 autopsied cases. 

Summary. A patient presenting clin 
cal, peripheral blood and bone ma 
findings consistent with dia 


ot 


necr PS\ 


row a 


eosinophilic leukemia. 


exhibited the 


changes of periarteritis nodosa 


characterist 
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By FREDERICK 


Ir has not vet been conclusively 
shown. that multiplication of viruses 
occurs in any medium except the liv- 
ing cell. Accordingly, the unequivocal 
demonstration of viral increase in vitro 
has been possible only when viabl 
cells have been included in the system. 
The general recognition of this fact 
early led to the application of the tech- 
niques of tissue culture to the propa- 
gation of viruses. As the general meth- 
ods of tissue culture, however, were 
developed and presented by earlier 
investigators, such as Carrel and _ his 
school, and by anatomists interested 
primarily in the genesis and morphol- 
ogy of cell types, they appeared ex- 
tremely complex to many virologists. 
The latter, therefore, often hesitated 
to apply the techniques of tissue cul- 
ture to problems involving the growth, 


316 ) 


PROGRESS 
OF 


MEDICAL 


PATHOLOGY AND BACTERIOLOGY 


UNDER THI 


G. Lyman Durr, M.A. 


SCIENCE 


CHARGE Ot 


M.D., Ph.D., F.R.S«A 


PATHOLOGY MeGILI UNIVERS 


AND 


M.A.. L.M.S.S.A.. F.R.S.( 


PROFESSOR OF BACTERIOLOGY AND IMMUNITY, MeGILI N ERSIT 
TISSUE CULTURE TECHNIQUES IN THE 
STUDY OF ANIMAL VIRUSES 


Rossins, M.D 


AND 


JOHN F. Enpers, Ph.D 


BOSTON, MASSACHUSETTS 
t ceseal Division of Infectious Diseases, Children Med Center, and thi 
Depart ent f Pediatrics and Bacteriology and Immunology of the Harvard Medical School 


the pathogenicity and the immune reac 
tions of viruses. Indeed, it was not 
until the Maitlands (1928) showed that 
vaccinia virus could be grown in a 
simple medium consisting of fragments 
of kidney tissue suspended in a mIX 
ture of serum and inorganic salts that 
the possibility of the tissue culture tech 
nique as applied to viruses began to be 
widely explored. Since that time many 
of the viruses known to cause diseas« 
in animals have been maintained i) 
vitro. In some cases their effects on the 
cells have been analyzed and in a few 
instances the influence of specific ant 
body on the multiplication of the viru 
has been investigated. Mutations ay 

parently induced in viruses as the re 

sult of the altered environment ha\ 

been observed. More recently tissi 

culture techniques have been appli 


+} 
5B 


PATHOLOGY 


to the determination of the effect of 
arious Chemical compounds including 
intibiotic agents on the multiplication 
{ viruses and to attempts to analyze 
the mode of action of certain of those 
that have exhibited an inhibitory effect. 
In this review, the various methods 
the 
propagation of viruses will be briefly 
described and the means of demon- 
‘trating the fact that growth of the 


ents has occurred and certain of the 


tissue culture emploved in 


onditions affecting its rate will be 
summarized. The differences in the 
behavior of viruses multiplying in 
tissue culture will then be outlined. 


linally the 
tions of the technique which have so 


more significant applica- 


tar been made to the study of the prop- 
rties of viruses and the control of the 
nfections they induce will be discussed 
ind certain suggestions for the use of 
hese tools in future investigations will 
be presented. Earlier 

which we have made use of, 
ve further details about the forego- 
ng topics. In those by Hallauer*! and 
tables 


arizing the 


included, 
viruses which had 


Sanders are sum- 
been 
tivated in vitro up to the time of 
We include here a similar 
Table 1 with the 


bringing earlier 


ublication 
tabulation in pur- 


ose of these sum- 
aries up to date. In Table 2 certain 
gents reported to have been grown 

culture are listed. We believe that 
urther study is required before their 
ultivation can be accepted without 
eservation 


Methods of Tissue Culture. The first  at- 
mpt, apparently, to grow a virus in cells 
noved from the animal body was made in 
106 by Aldershoff and Broers!. They inocu- 
ted the cornea of a freshly killed rabbit 
th vaccinia virus. Then the cornea was 
ioved, placed on gauze moistened with 
line and maintained in a warm chamber 
r 48 hours. At the end of this time they 
ere able to demonstrate the inclusion bodies 


cells—an_ indication 
it viral proliferation had occurred. Whether 


Guarnieri in corneal 


AND 
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or not this crude procedure can be regarded 
as the first use of tissue culture for the propa- 
gation of a virus is debatable, and accordingly 
the credit for this is given to Stein- 
hardt, Israeli Lambert!4% who, in 1915 
applied the plasma hanging drop tissue cul- 
developed by Harrison®? in 
cultivation of the 


usually 


and 


ture technique 
1907, to the 


vaccinia. 


virus of 


Harrison's which, with slight 
modifications, is still employed for special 
purposes in the study of the growth of viruses 


procedure 


in vitro, consists in placing a small fragment 
of tissue in a drop of plasma. The plasma 
IS coagulated by the thromboplastin derived 
from the fragments or by the addition of a 
small quantity of tissue extract. If the prep- 
aration is made on a cover glass it may then 
be inverted hollow slide 
rimmed with petrolatum to prevent evapora- 
cells can be 


Ove! a ground 


tion. Migration or growth of 
readily observed upon mic roscopic examina- 
tion. Such preparations after inoculation with 
fixed, and 
examined for the presence of inclusion bodies 
or other changes in the tissue cells induced 
by the presence of the virus. By inoculating 
material from one culture to another, serial 


a virus may be easily stained 


passage of a virus may be accomplished. 

The most useful of the modifications of this 
technique have been the flask method and 
the roller tube method. Carrel!®4 devised 
special round flat-bottomed flasks in which 
the tissue fragments are embedded in a thin 
layer of plasma and covered by another layer 
of fluid containing nutritive materials. In 
such flasks, which are closed with stoppers. 
the gaseous phase can be altered at will. 
Carrel’s_ modification permits the systematic 
analysis of conditions and factors requisite 
for the growth of cells and also provides a 
means of maintaining the cultures for longer 
periods of time. He employed the method 
in a study of the effect of the Rous sarcoma 
virus on ‘different types of cells (monocytes 
and fibroblasts) derived from fowls or fowl 
embrvos!®.20.21, 

Carrel!8 devised the so-called roller 
tube method of tissue culture, but it was not 
used for the cultivation of viruses until much 
later (1939) when Gey and Bang®* showed 
that it was possible to maintain the virus of 
lymphogranuloma venereum for long periods 
in cultures of this sort. The method consists 
in imbedding fragments of tissue in a thin 
layer of plasma spread over the inner surface 
of a test tube. A small quantity of nutrient 
fluid is added which usually consists of a 
balanced 


also 


solution of inorganic salts, tissue 


extracts and serum. The tube is then placed 
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Ast MMARY OF 


GATED IN 


Rabl stis 
{, nea pig te 
( ek emb 


GY 


AND 


rISSUE CULTURE 
Type of Cu 


Suspended cell 


spleer Plasma drop 
( k embryo muscle & sku Liquid drop 
& lung 
Chick embr Suspended cel 
Agar slant 
Suspended cell 
Rabbit 1 when 
Rabt s, kidne lung Hanging drop 
mpl 1 tissue, and leu 
taht embrvo brain Suspended cell 
Mouse embryo brain 
( hick embr brain 
Chick embrv« Floating clot 
M embrvo brair Suspended cell 
Brains of mice up t tada 
age 
Chick emt 
C hieke m ‘ ( arre 
Chick embr 
hicke spleen 
( hick mbrs 
broblas 
M mbr Suspended cell 
Mouse embr 
Chick embr 
Mou nbr Agar slant 
Mouse embryo brain Suspended cell 
‘ ng mouse brain 
cornea Humid chamber 
ea and Guinea pig Plasma drop 
Plasma drop 
Rabbit cornea Tube clot 
Chicken kidne Suspended cel 
Kupffer cells Liquid culture ot 
Chick embryo Agar slant 
Roller tube 
Suspended cell 
wa pig embryo Carrel 
Cruinea pig bone marrow 
Chick embryo suspended cel 
Rabl Carrel 
Suspended cell 
Rabbit testis, spleen, lymph Liquid drop 
iitissue, bone marrow 
hung liver ovary, kidney 


tne itis 


Chick embry« 


Chick embryo 
Mouse & chick embryo 


Suspended cell 


Mouse & guinea pig testy le 


Placenta, mouse tumor t 


issue 


continue 
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THE MAMMALIAN VIRUSES THAT 


HAVE 


BEEN PROPA 


Bedson & Bland 
Bland & Canti' 


Yanamura & Meyer 
Faulkner & Andrewes 


Benjamin & Rivers 
Haagen 


Plotz & Reagan 
Parker & Hollender 


Mackenzie 


saddingtor 


Syverton & Berry 
Harrison & Moore 


Pang 


Parker & Hollender 


Aldershoff & Broers 

Steinhardt, Israeli and 
bert 

Parker & Nye 

Rivers, Haagen & Muck 
enfuss 

Maitland & Maitland* 

Beard & Rous 

Kurotchkin 

Feller. Enders & Weller 


Lam 


Lennette & Koprowski 
Koprowski & Lennette 


Carrel, Olitsky & Long 


erton & Oliteky 
Cox & Syvverton 


ox, SVV 


( 
Olitsky 
Andrewes 


Ivanovies & 


Lennette & Koprowski" 
Koprowski & Lennette’® 


Haagen and Theiler 
Lloyd, Theiler & Ricci* 


Findlay & MacCallum‘ 


pave 


145 


Lage 
1036 


319 
Tissue lture futhor Yeu 
1035 
193] 
Kanazawa 1036/37 
Webster & Clow 1037 
\ 
1054 
Carrel? 1925) 1026 
Ludford 
M 1945 
Str 
1920 
ilens paper 
1945 
f 1928 
1034 
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rABLI OTHER VIRUSES THAT HAVE BEEN 
IN TISSI E ¢ 
7 
( ( k Vas 
I 
R 
‘ g 
Chick 
{ rotating device In this man 
r t t is repeatedly bathed in th 
nutrient fluid but is not continuously sub 
ierged. Be ise of these conditions cellular 
respiration appt irs to proceed more eftectivels 
nd the tissues mav_ be kept alive and grow 
ing tor mths or even vears. The method 
has not ly pr duced excellent growth of 
cert ruses such as those of lvmphog1 inu 
| um vaccinia?” and psittacosis”” 
but has llowed the collection of data on the 
ettect I prolonged contact between thes« 
ruses 1 the tissue cells 
Recently atte mpts have been made to sub 
sotute nore physiologically inert and more 
stable substances for plasma iS a supportir 
edit Evans and Earle#® in thi untry 
have obtained excellent growth of certain 
ypes cells, such as fibroblasts and rat 
sarcoma cells, when they employed pe rforated 
elk phan nembranes instead of plasma in 
Carrel flask cultures. Using what is essentially 
1 modified plasma hanging drop method 
Wirtl 1 Barski!7°, and Barski and Maurin® 
in France have found that cells of several 
tvpes in be readily cultivated on a_ thin 
fils f the plastic “Formvar”. Agar was sub 


ind 


support for the cells in 


his 


medium in whicl 


coworkers !72 iS 


fragments of tissue were spre id upon th 
irf f olidified mixture of agar and 
[vrode lution. It has been shown that a 
iber iruses as well as the rickettsia 
in be grown in a medium of this « ym posi 


An atte 
fie d 
produce i 


W he ther su 


tory as 


tion mpt has been made to use puri- 
fibrinogen and thrombin to 
for 


h materials will prove as satisfa 


igulum tissue cultures!2 
ivian pl isma, heretofore almost uni 
versally employed, is doubtful 

Che ipplic ition oft 


propagation ot 


tissue 


the 


said 


culture to 


viruses Was, as Wwe have 


greatly extended bv the development of the 


DICAL SCLENCI 
REPORTED AS HAVING BEEN PROPAGATED ra 
ULTURE* 
ly f { 
I 
M & kh 
Pow & ’ 
Rake, Shaffer & J ’ | 
\ 
& OR \ 
\ 
suspended cell typ rar bed by 
Maitland and Maitland™ 1 Mait Lain 
ind Lyth” Minced ti idded to a shal 
low laver of liquid mnisist ot 
balanced salt solution, such as that of Tvrod 
ind serun The sir ipli { t this pro edure 
its re idly idaptabilit) cale cultis 
tion and the ease with w h it mav be mod 
fied has led it wide pread 1S¢ kor 
exampl Li and River pl ed te 
mique for the ult va 
but used a spec! f flask nitt 
the serum. Simms and S lers'4 tituite 
in ultrafiltrate of ser r tl rud iter) 
The forme mtair substance f lar 
molecular siz ilthor it retains tl prop 
erty of preserving ell bility characteristi 
of whole serum. The ubstitutior 
filtrate was found to be advanta us, sin 
it reduced fat deposition in the ell ield 
1 medium verv low in protein and eliminate 
the possibility of including antiviral sul 
stances which might bi esent in the rud 
serum 
In making serial transfers of I prop 
gated in the Maitland t f culture previ 
workers have used as subinocula either a sma 
portion of the overlvir fluid or some of tl 


the end ot da 
Weller a 
idified this procedure 


fr igments remove d at 


ind 


Enders 


, 
macerated in th fluid 


recently 


withdrawing and replacing every 4 days tl 
entire fluid phase. In thiX.manner they hav 
been able to maintain the ‘tissue in a viabl 
state for 30 to 40 davs and to increase cor 
siderably the vield of virus obtained from 
single culture Subcultures were prepare 
ifter intervals ranging from 12 to 30 dav 
by inoculating a small quantity of the cel 
free supernatant fluids removed at. the 
times This maneuver probably enables tl 
concentration of a slowly growing virus 

increase sufficiently and so permits successt 
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ranster from one culture to another. Although criteria to the results before the con- 
has not vet been conclusively demonstrated, — ¢}ysion can be drawn that multiplica- 
seems likely that cultivation of certain 

tion of the agent has occurred. The 

iently unsuccessful in the past because the failure to evaluate their data by such 
gree of dilution effected by rapid serial standards has in the past led certain 
issage tended to outstrip the rate of mul- workers to assert that they had suc- 
ae ceeded in cultivating various agents 

ot be revarded as tissue culture. we wish i vitro whereas they had simply shown 
4 procedure described by that under these conditions the original 


ruses such as poliomyelitis has been fre- 


While in the strict sense the following can- 


mention her 

Goodpasture and Anderson®5.56 for the cul- — yirus containing material could be con- 
vation of viruses that are pathogenic for iderably diluted and_ still retain its 

n alone. These authors were able to graft 
n on to the chorioallantoic membrane of One or more of the following criteria 
hick embrvo. The grafts became vas- mav be used to determine whether 
larized and my of the cells remained multiplication of a virus has occurred: 
they obtained The material from the last of a series 
idence for the growth of various viruses the 
luding that of herpes zoster. Blank, Coriell of tissue cultures must contain the virus 
nd Scott! have lately confirmed these ob- and must represent a dilution of the 
rvations original virus inoculum sufficient to ex- 
i! mcluding these remarks on methods ceed bv a wide margin the titer 
s worthy of the greatest emphasis that the : me las a diluti ) f the original 
| lusion of antibiotics and sulfonamides in ‘€*%Pressed as a dilution) o 1e Origina 
sue cultures has practically climinated Virus inoculum. 2, It must be demon- 
terial contamination—heretofore a major strated that a significant increase in 
* liment t the extensive application of the — the quantity of virus inoculated has 
laboratory. A few reports Qoeurred within a single culture. 3, It 

ippeared on the use of these agents for 7 : 

purpos 11.166 but their value per- be demonstrated that an effect 
ips has not yet been sufficiently recognized. upon the tissue cells has occurred 
ur laboratory the addition, as routine, of | which is the result of virus proliferation. 
units each of penicillin and streptomycin Of these criteria, only the first has 
r ml. to the fluid phase of the Maitland | | | t sstigators 
pe of culture has with very rare exceptions been employed by most investigators. 
luded conta:aination by bacteria. Moreover, Critical discussions of its application 
has been possible using 100 units each of _may be found in the monographs of 


ese antibiotics per ml. to introduce throat Ffallauer*! and of Sanders'*. Here it is 
shings and stool suspension lirectly int . 

enough to emphasize the fact that the 
s type of tissue culture. In this manner by . : 
culation of cultures consisting of human number of SUCCESSIVE subcultures 
bryonic skin and muscle 2 strains of polio- should be adequate to render it highly 
elitis virus have - en recently isolated improbable that any virus derived from 

feces It is, therefore, evide 
is, therefore, evident that — the original inoculum has been carried 

t only the introduction of the use of anti- 7 | ft] | | 
tics has rendered tissue culture a more along into the last of these subcultures. 
iple and reliable procedure, but it has Assurance that carrv-over of virus has 
0 broadened considerably the scope of the not occurred is difficult to obtain; 
hnique as applied to the cultivation of especially if fragmented tissues are 
included in the inocula. Certain con- 
Criteria for the Multiplication of trols which will be briefly mentioned 
irus. The fact that the concentration below should always be included. 
a virus may be high in the infected These will aid in providing an index 
imal tissues used as the original of how many subcultures may be re- 


uses 


oculum of a series of cultures renders quired to show that multiplication has 
imperative to apply certain rigid ensued. 
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It is evident that the criterion based 
on the dilution of the original inoculum 
requires considerable time and labor 
to fulfill. If the second criterion men- 
tioned above can be invoked simul- 
taneously, satisfactory evidence of mul- 
tiplication may be obtained in a much 
shorter time. Thus, if a significant in- 
crease in the quantity of virus inocu- 
lated into each culture in the series can 
be revealed, the results of a limited 
number of cultures will leave no doubt 
that multiplication has occurred. An 
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example of the application of both 
criteria is to be found in experiments 
of Weller and Enders'* on the propa 
gation of mumps virus, in suspended 
cell cultures in which the fluid phase 
was removed and re placed at intervals 
of 4 days. Their results are graphically 
summarized in Fig. 1. It is apparent 
that even in the original cultures of 
the series a definite increase in the virus 
Was observed aS sured both by its 
infectivity for chick embryos and _ its 


capacity to agglutinate red blood cells 


ORIGINAL CULTURES 
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The data obtained in the first and sec- 
md subcultures so decisively confirmed 
this observation that no doubt. re- 
mained as to the ability of the virus 
to multiply actively in the system 
smployed 

Although both criteria, if possible, 
hould be used in evaluating the re- 
ults when a virus is cultivated for the 
first time or when new procedures are 
nder investigation, it may suffice to 
mploy only the second. Thus Gey 
‘concluded that the virus 
f lymphogranuloma venereum multi- 


ind Bang 


ied in roller tube cultures of human 
fibroblasts, and Feller, Enders and 
Weller*® found that vaccinia virus in 
roller tube cultures of chick embrvonic 
tissues continued to increase during a 
eriod of several weeks. Morgan and 
Wiseman®® more recently have de- 
cribed the active growth of psittacosis 
irus in such cultures without resort 
to the subculture of the agent. Employ- 

suspended-cell cultures of human 
mbrvonic skin and muscle Weller. 
have lately 


166 


Robbins and Enders 
found that the 
poliomyelitis virus in a culture may 
nerease at least 1800 times within a 


period of 20 days. 


Lansing strain of 


The third criterion—the demonstra- 
tion of an eftect upon the tissue cells 
known to be the result of virus proliter- 
ition such as the formation of inclusion 
bodies or the appearance of widespread 

ellular degeneration—can only be in- 
oked in the case of a limited number 
f agents. Since the effect of viruses 
n cells also affords a means of de- 
ermining their presence in cultures 
his criterion will be discussed further 

the next section. 

\s we have stated, it is essential to 
nclude several types of controls in 
xperiments designed to reveal the 
\ultiplication of a virus. The first and 
10st obvious is the control for contam- 
nation by bacteria or fungi which 
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might simulate in experimental ani- 
mals the effect of the agent that one is 
attempting to grow. Materials from 
tissue culture should, therefore, be in- 
oculated as routine into suitable media. 
Secondly, controls are maintained to 
exclude. the possibility that an extran- 
eous virus has been cultivated that 
mav have been derived either from 
the environment of the laboratory or 
from the animal furnishing the tissue. 
These consist of the maintenance un- 
der the same conditions of cultures 
which have not been inoculated with 
the virus that is being studied. Thirdly, 
controls are included to determine the 
period during which the inoculated 
virus may be detected in systems that 
contain: a, no tissue; b, tissues killed 
in some gentle manner such as by heat- 
ing at 60°, Roentgen-ray irradiation or 
repeated freezing and thawing; c, liv- 
ing tissues maintained at 4° at Which 
temperature viruses do not multiply. 
These controls are of the greatest im- 
portance since if the virus rapidly dis- 
appears from them while it continues 
to persist in the cultures of living 
tissue maintained at higher tempera- 
tures, it can be reasonably concluded 
that growth in the latter has taken 
place. 

Methods of Demonstrating Virus in 
Tissue Cultures. Two general methods 
are available for demonstrating the 
presence of virus in tissue cultures. The 
first consists in showing that material 
removed from the culture exhibits an 
activity characteristic of the virus in 
question. The second is the direct or 
indirect revelation of some abnormal 
change in the tissue cells induced by 
the virus. 

Until very recently the first method 
depended exclusively upon the inocula- 
tion of an appropriate experimental 
animal. In the case, however, of viruses 
like mumps and influenza which cause 
the agglutination of red blood cells it 


ith 
its 
| 
Lis 
nt 
its 
if 
] 
4 


PROGRESS 


has been found possible to reveal their 
presence in the suspended cell type of 
tissue culture by showing that the fluid 
contains hemagglutinin'*. Within cer- 
tain limits this procedure provides an 
extremely convenient and rapid method 
for detecting and measuring the virus 
Measurement by the method of hemag- 
glutination is far less sensitive than 
the method of testing for its infectivity. 
Its use, therefore, is not only restricted 
to those relatively few agents which 
induce hemagglutination, but to those 
situations in which large quantities of 
the hemagglutinating virus are present. 
Thus a negative test for hemagglutinin 
cannot be regarded as evidence for the 
absence of the virus. Since the viral 
hemagglutinin is an antigen which in- 
duces the formation of an antibody that 
specifically inhibits its action on 
erythrocytes, it is possible to identify 
the virus producing the hemagglutinin 
in tissue culture fluids by means of the 
hemagglutinin inhibition test. 

Other viral antigens in tissue cul- 
tures may be present in concentrations 
sufficient to permit their detection by 
serologic procedures. Thus Maitland 
and Laing’? in 1930 showed that an 
antigen was present in cultures of vac- 
cinia virus which fixed complement 
with specific antiserum. Kunz*! in our 
laboratory has recently determined that 
the mumps virus produces recognizable 
quantities of complement fixing antigen 
when grown in suspended cell cultures 
of chick amniotic membrane. 

The most characteristic of the changes 
upon which the second general method 
depends are the intra-cytoplasmic and 
intra-nuclear bodies which have been 
observed to form in tissue cultures 
infected with certain viruses just as 
they do in the cell of the living animal. 
When they can be regularly produced 
in cultures and are typical in morpho- 
logical appearance and staining prop- 
erties they may be considered to result 
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from the multiplication of the virus. 
Unfortunately there is often great diffi- 
culty in consistently obtaining inclu 
sion-body formation and characteristic 
morphologic appearance. As indications 
of the presence of virus thev are, there 
fore. not entirely reliable and have 
been SO employed only Ili special lli- 
stances such as in the studies of An 


and on the 


drewes 
mechanism of action of antiviral sera 
or those of Bedson and Bland!! on the 
developmental evel of the psittacosis 
virus. Furthermore the technique in 
volved in their demonstration is some 
what complex and time consuming 
When, however, no other means of 
demonstrating the presence of the virus 
are available the formation of typical 
inclusion bodies may be of great assist 
ance. Thus in their attempts to grow 
the virus of varicella and herpes zoste1 
in human skin grafts on the chorioal 
lantois, Goodpasture and Anderson 
interpreted the appearance of inclu 
sions as evidence for the growth of 
the zoster virus. Formation of intra 
nuclear inclusions following inocula 
tion of material containing the salivary 
gland virus of guinea pigs into tissu 
cultures was observed by Andrewes' 
Although he could not maintain the 
virus in serial cultures. he regarded 
the formation of these bodies as evi 
dence of growth in the original series 
Similarly, Weller Kingsland" 

have recently observed the formation 
of intranuclear inclusions typical of 
those found in the lesions of varicell: 
after inoculation of fluid from chicke 
pox vesicles into cultures of mixe 
human embryonic tissues. As yet. th 
appearance of these bodies has not 
followed subinoculation of materials 
from the original cultures. They sug 
gest strongly, however, that the viru 

of varicella has at least infected the 
cells in the first generation of culture 


and so offer encouragement to cor 
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tinued effort to cultivate this strictly 
human pathogen in vitro. 

\s we have previously pointed out, 
certain 
narked degenerative changes in the 
tissue cells. The clearest example ot 
this phenomenon is perhaps to be found 
n the observations made by Huang*™ 
n 1943 who showed that the virus 
f equine encephalomyelitis complete ly 


Viruses in witro may cause 


destroved chick embryonic tissue cells 
vithin 48 hours. The lack of cell viabil- 
ity was revealed by the failure of these 
fragments exposed to the action of the 
virus in suspended cell cultures and 
ater explanted in plasma hanging 
lrops to proliferate in the latter type 
medium. In 1942 Enders and Flor- 
nan’ had obtained some evidence that 
most of the fragments of chick tissues 
vhich had supported the growth of 
iccinia virus for 3 weeks in suspended 
ell cultures, appeared to become in- 
apable of proliferation when ex- 
anted to plasma hanging drops. At 
this time the majority of the fragments 
from uninoculated control cultures ex- 
iibited fibroblastic growth. Plotz and 
| phrussi' ‘ had also observed that the 
irus of fowl plague led to early cell 

leath as demonstrated by the expl: int 
iethod. With Weller we are at present 
an investigation which has 
lready shown that both non-murine 


adapted strains of polio- 


ngage d 


nd murine 
ivelitis virus multiplying in suspended 
ell cultures of certain types of human 
mbrvonic tissues injure the cells to 
uch a degree that cell growth in 
lasma explants of the fragments is 
mpletely or almost completely in- 
ibited. Evidence of such injury is 
nly perceptible after the lapse of 
bout 8 days following inoculation of 
ie virus. Histologic examination of 
ssue fragments which have supported 
ie growth of poliomyelitis virus has 
vealed degeneration of most of the 
lls, provided that exposure to the 
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virus has been sufficiently prolonge od. 

This method, then, of testing for cell 
growth by explantation appears to offer 
reliable and convenient information 
concerning the presence in cultures of 
certain viruses. It cannot be generally 
employed, however, for this purpose 
since it is clear that some agents cause 
little or no recognizable injury of the 
cells even after prolonged cultivation. 
Thus Relova and Enders'** were un- 
able to observe over a period of 2 
weeks any definite inhibitory effect of 
the virus of influenza or he rpes simplex 
on the growth of chick embryonic cells 
in roller tubes. Watson'®’ has recently 
failed to find that cell proliferation of 
explants from suspended cell cultures 
of chick embryonic tissues and mumps 
virus was appreciably affected. Her 
observations are in agreement with our 
own based on histologic evidence con- 
cerning the inc: api acity of this virus to 
injure in vitro or in vivo the cells of 
chick amniotic membranes. 

The extensive injury of cells in cul- 
tures produced by certain viruses is 
also manifested by decreased cellular 
metabolism. When this occurs it is 
readily discerned by decreased acid 
production. When an indicator is in- 
corporated into the nutritive medium, 
a routine practice, this effect of the 
virus on the metabolism of the cells 
becomes immediately evident by com- 
paring the pH of the inoculated cul- 
tures with that of the controls to which 
no virus is added. Huang noted that 
chick embryonic tissues from 48 hour 
cultures of equine encephalomyelitis 
virus were no longer capable of reduc- 
ing the pH in Ringer’s solution under 
standard conditions. The behavior of 
these inoculated tissues contrasted 
sharply with uninoculated embryonic 
fragments. Previously Plotz'!? had 
shown that chick embryonic tissues in- 
oculated with the virus of fowl plague 
and incubated for 3 days failed to 
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reduce methylene blue anerobically in 
the light. In our own studies with the 
virus of poliomyelitis we have found 
a reasonably good correlation between 
the presence of virus in the culture 
and the impaired capacity of the tissue 
to reduce the pH. As with the other 
criteria of cell injury manifested by 
the virus of poliomyelitis this differ- 
ence in cellular metabolism does not 
become apparent until the 12th to 20th 
day of cultivation. Nevertheless, in the 
propagation of these agents we have so 
far found this simple presumptive in- 
dex of 
valuable 
Factors Influencing the Growth of 
Viruses in Tissue Culture. The factors 
that influence the growth of viruses in 


presence extremely 


tissue cultures are numerous and com 
plex In many cases they are only par- 
tially understood; in others we have as 
vet no clue to their nature. The analvsis 
of the mode of action of the known 
tactors is, of course, rendered enor- 
mously difficult by the fact that it is 
otten impossible to decide whether 
alteration of an experimental condition 
affects the multiplication of an agent 
directly, or indirectly by influencing the 
metabolism and growth of the tissue 
celis. Here we will consider briefly cer- 
tain of the conditions which have been 
most thoroughly studied that are either 
essential for the growth of virus o1 
that definitely influence it. 

Biological Activity of the Tissue 
With few exceptions investigators agree 
that living cells are an essential pre- 
requisite for viral multiplication. From 
time to time there have been claims 
that a virus has been cultivated in 
media which contained no viable 
Attempts to confirm 
these results have always failed. The 
most recent of such claims is that of 
Veeraraghavan™®, who reported that he 
was able to maintain the virus of rabies 


in cultures composed of heated brain. 
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No confirmation of his work has as vet 
appeared. 

In respect to the state of the cells 
there is less unanimity. It is still im- 
possible to determine on the basis of 
the available data whether or not cel- 
lular proliferation is an essential con- 
dition for the multiplication of virus 
Thus, although it is apparent that cell 
division may be reduced to a degree 
where it is not clearly discernible in 
cultures of the Maitland type, the pos 
sibility cannot be eliminated that som«e 
increase in certain cell types may occur 
However, since viruses prolife rate to a 
considerable degree under such condi 
tions it mav be concluded at least that 
active cell division is not an essential] 
factor. Plotz and Ephrussi''*, in a study 
of this problem, inoculated fowl plague 
virus into chick embrvonic tissue sus 
pended in Drew's solution on the 5th 
day when mitosis was not evident, and 
obtained growth of this agent. On th 
other hand it is probable that cellula 
proliferation is an adjuvant in increas 
ing the amount of virus produced 
Plotz’™'* found that the titer of fow 
plague virus in plasma ¢ ultures of chick 
embrvonic tissue was 100 times greate1 
than in suspended cell cultures. In th 
latter he could observe no evidence 
of cell division as indicated by th 
presence of mitotic figures. Likewis« 
Fox’ noted that the addition of chick 
embrvonic extract to cultures of vel 
low fever virus stimulated the growt] 
of the tissue and increased the viel 
of virus. More information on this point 
is greatly to be desired. Not only is 
important from the biologic point o! 
view to be certain that increase in the 
amount of virus produced is a functior 
of cell division but from the practica 
standpoint of obtaining greater vield 
of virus it is of the utmost significance 

It is the impression of most worke1 
in the field that the multiplication « 


virus is dependent upon an ictive ce 
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ilar metabolism whether or not cel- 
on. But 
gain the evidence is limited and not 
ntirely conclusive. At first sight the 


ular proliferation is going 


xperiments of Zinsser and Schoen- 


would seem to leave little. 


loubt that maximal viral increase 
ccurred at a time when the oxygen 
onsumption of the tissues was also at 
ts height. In tissue cultures inoculated 
espectively with equine encephalo- 
ivelitis virus and typhus rickettsiae 
ind maintained in the Warburg ap- 
auratus they found that the greatest 
CO production occurred during the 
ctive phase of viral increase. In con- 
trast multiplication of the rickettsiae 
is associated with the declining phase 
e i> output On the basis of these 
sbservations the authors concluded 
that whereas viruses required actively 
ietabolizing cells for their growth the 
nvironment of the impaired cell pro- 
ded conditions suitable for the de- 
elopment of rickettsiae. Although evi- 
ence from subsequent investigations 
iS supported this hypothesis in the 
ise of the rickettsiae, it can still be 
ebated as to whether it can be gen- 
rally applied to the viruses. The virus 
hich they studied belongs to the class 
vhich characteristically multiplies rap- 
lv both in the animal body and in 
ultures. It also is one of the agents 
hich produces rapid destruction of 
ssue cells. Had amore slowly growing 
nd a less cytopathogenic agent such 
the mumps virus been studied by 
his method, the peaks of cell metabo- 
sm and active viral increase might not 
ive coincided sO closely. In view of 
ich considerations and the funda- 
ental implications of the problem, it 
to be hoped that further extensive 
vestigations of this sort will be under- 
ken in which viruses exhibiting dif- 
rent growth characteristics will be 
cluded. 


Amount of Tissue. In suspended-cell 
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investigators have 


cultures various 
found that the ratio of the quantity 
of tissue relative to the volume of fluid 
must be maintained fairly constant in 
order to obtain maximal yields of the 
Simms and Sanders!*° 


virus??: 130,101, 
tor example, recommend that at least 
100 volumes of fluid be added for each 
volume of tissue. Others''' have found 
that the ratio of fluid to tissue may be 
varied considerably with little effect 
on the yield of virus provided meas- 
ures are taken to prevent the medium 
from becoming acid. Traub!** has de- 
scribed an interesting relationship be- 
tween the quantity of virus inoculated 
and the amount of time required to 
initiate growth. Small inocula appeared 
to multiply only when relatively large 
amounts of tissue were present. 

Type of Tissue. The multiplication 
of certain viruses seems to be restricted 
not only to tissues derived from one 
or a limited number of animal species 
but. also to particular cell types. Other 
agents appear to be much less cir- 
cumscribed in their tissue requirements. 
Lloyd, Theiler and Ricci** failed to 
initiate the growth of a pantropic strain 
of vellow fever virus in chick em- 
brvonic tissues. They succeeded when 
mouse tissues were substituted. Ac- 
cording to Maitland and Maitland, the 
virus of foot and mouth disease multi- 
plies in guinea pig epithelial cells but 
not in chick embryonic tissues. The 
Lansing strain of poliomyelitis virus 
can be cultivated in various human 
embryonic tissues but in spite of num- 
erous attempts in our laboratory no 
evidence of growth in cultures either 
of chick embryonic or mouse em- 
bryonic brain has yet been obtained*’. 
Additional examples of the restriction 
of multiplication to cells derived from 
susceptible hosts are given in a recent 
review of cellular resistance to virus 
infections*”. 

There is little reliable information 
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concerning the capacity of viruses to 
grow in specific cell types, since the 
isolation and maintenance of pure 
lines of cells is difficult and beyond 
the technical range of most investiga- 
tors in the virus field. One should, 
however, mention the experiments of 
of Rous sarcoma in chicken monocytes 
and believed that this agent did not 
multiply in chicken fibroblasts. Lud- 
ford’® on the other hand was unable to 


‘! who propagated the virus 


confirm these observations and indeed 
arrived at the opposite conclusion. Ben- 
jamin and_ Rivers!” observed — that 
myxoma virus of rabbits multiplied in 
monocytes of that animal and noted 
that testicular tissue unless it contained 
these cells as a result of a previously 
induced inflammatory process would 
not support the growth of the virus. 
The virus of vaccinia has apparently 
a much wider range of cell types in 
which it finds the necessary conditions 
for multiplication. Beard and Rous'® 
showed that it grew actively in pure 
cultures of Kupffer cells derived from 
the rabbit. Feller, Enders and Weller* 
obtained excellent growth in cultures 
consisting predominantly of chick em- 
bryonic fibroblasts, and Florman and 
Enders*® observed continued produc- 
tion of the virus in cultures of mono- 
cytes originally obtained from rabbit's 
blood Yanamura and Mever!™! ob- 
served that psittacosis virus exhibited 
a similar broad affinity for cell types. 

In general, as we have indicated 
above, the type of tissue in which a 
virus may be propagated corresponds 
with its host range, although there are 
rather numerous exceptions to this rule. 
Accordingly, when an attempt is first 
made to cultivate a virus in vitro. it is 
logical to select tissues from a_ host 
known to be susceptible. In this con- 
nection, , however, it is pertinent to 
note thal a number of viruses that are 
not pathogenic for the chicken are 
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easily grown in chick embryonic tissues. 
This has led to the thought that this 
tissue may possess special properties 
which render it susceptible to intec- 
tion. Although, in certain instances this 
may prove to be the case, in others it 
would seem that the high body temper- 
ature of the chicken (105° to 106° F. ) 
is bevond that which may be tolerated 
by the virus. This factor probably ac- 
counts for the failure of the Melbourne 
strain of influenza A virus to intect 
newly hatched chicks, since Enders and 
Pearson’! showed that it could be 
easily propagated in cultures of the 
lung tissue removed from the young 
birds and maintained at 37°C 

Medium. The 


composition of the medium employed 


Composition of thee 


will depend upon the type of tissue 
selected and upon the virus to be culti- 
vated. Certain agents can be main 
tained indefinitely in tissues suspended 
in Tyrode's solution alone. Serum has 
been added by many _ investigators 
thought 
it was essential in the cultivation of 
vellow fever. That it may aid in in 


some of whom, like Haagen”* 


creasing the yield of virus is probable 
but its indispensability is doubtful 
Fox’, for example has been unable 
to confirm Haagen’s observation and 
we are unaware of any conclusive evi 
dence that the addition of serum is a 
necessary prerequisite for viral increase 
Its usefulness, like that of the serum 
ultrafiltrate which has already bee 
mentioned, consists in maintaining th 
viability of the tissue cells for longe 
periods of time than is possible wher 
only a balanced salt solution contain 
ing glucose is used and in helping t 
preserve extra-cellular virus. Studies 
lately carried out by Pearson'® and by 
Thompson’ on the effect of variou 
growth factors and vitamins hav 
failed to reveal any substance whicl 
appears definitely to increase the viel 


of Theiler’s mouse encephalomyeliti 
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nid vaccinia virus. Weller and Buck- 
ngham!'* in our laboratory have also 
nvestigated the effect. of substituting 
the medium devised by Geiman and 
his co-workers®? for the in vitro culti- 
ition of malaria parasites for the salt 
mixture-ultrafiltrate medium we have 
Lansing 
i2,166 The 


former, although it contains most of 


ised in our studies of the 
‘train of poliomyelitis virus 


the known vitamins and many of the 
building blocks of proteins and nucleo- 
proteins, did not lead to a greater pro- 
luction of this virus. 

Oxygen Supply. To insure respiration 
ind viability of the tissue a certain 
umount of oxygen must be available in 
the system. No virus has been shown 

increase in an anerobic environment 
vith the possible exception of that of 
the common cold“’. Some investigators 
have atte mipte d to maintain a more or 
and CO.g. 


There is, however, no convincing evi- 


ess constant tension of O. 


ence that this is essential, provided 
that CO, is not permitted to accumu- 
ite to a point where the pH falls much 
Thus, although certain in- 
estigators’” have considered that the 
urface of the fluid phase should be 
irge and its depth shallow to afford 
free inte rchange of QO. and CO, with 
the gaseous phase, others have been 
ble to cultivate such typical viruses 
154 


and vaccinia’ and 


sittacosis in systems in which the 


S pseudorabies' 


luid overlay the tissue fragments to 
depth of several centimeters. 
Reaction of the Culture. The pH 
he cultures is decreased as a result of 
ssue metabolism. The acidity is mostly 
used by the formation of CO. from 
he splitting of the glucose in the 
iedium. Since the tissue cells are in- 
ired by accumulation of acid, it is 
lesirable prevent the reaction from 
In certain 
ises it has been shown that virus 
tivity is impaired by relatively slight 


lling much below pH 7. 
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increases in hydrogen and hydroxy] ions. 
Sanders and Jungeblut'* _ to cite a sim- 
ple example, found that the greatest 
vields of Columbia SK virus were ob- 
tained when the pH was held at 7.5. At 
higher or lower values the virus was 
partially inactivated. Other viruses, 
though, seem to be unaffected over a 
fairly wide range of pH. In the cultiva- 
tion of those which likewise severely 
injured the cells, change in pH _ has 
proved to be a useful index to the 
multiplication of the agent as we have 
previously indicated. 

Temperature and Incubation. Cul- 
tures of animal viruses have usually 
been maintained at 37°C. Multiplica- 
tion, however, has been found to occur 
at much lower temperatures. Sanders 
and his co-workers obtained higher 
concentrations of the viruses of lvmpho- 
granuloma venereum! equine en- 
cephalomyelitis'** and epidemic kerato- 
conjunctivitis!” at room temperatures 
than at 37 C. Hecke"! observed satis- 
factory multiplication of the virus of 
foot and mouth disease at 30°C., and 
Parker and Hollender'’® have fixed the 
optim: il temperature for the growth of 

Theiler’s mouse encephi ilomyelitis virus 
at 35°C. In a study of the effect of 
temperature on the multiplication of 
the vellow fever virus, Fox®’ found 
the optimal range to be between 32°C. 
and 37°C., although growth proceeded 
within the extremes 27°C. to 39.5°C. 
In the evaluation of such data one must 
bear in mind that changes in temper- 
ature may affect the me ttabolic activity 
of the tissues as well as the rates of 
increase and inactivation of the virus. 

Illustrative Examples of the Be- 
havior of Viruses in Tissue Culture. 
A brief summary of the characteristics 
exhibited in tissue culture by a few 
selected viruses will serve to integrate 
certain of the materials that have been 
discussed so far and will also illustrate 
the wide differences in behavior of 
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individual viruses—phenomena that we 
consider worthy of much emphasis. 

Vaccinia. It has been found possible 
to propagate this virus in the simplest 
type of tissue culture consisting of 
chick embryo tissue suspended 
Tyrode's solution. Under the proper 
conditions, inclusion bodies are formed 
in the tissues and the development of 
these bodies may be used as an indi- 
cation ol growth of the virus. 

Curves illustrating its multiplication 
as reflected by the concentration of 
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and vellow 


These include psittacosis'* 
fever’. Sanders and Jungeblut!*? on 
the other hand found that the concen 
tration of Columbia SK virus was 
greater in the fluid portion of the cul 
ture than in the tissues. 

We have noted previously that vac- 
cinia virus does not cause extensive 
damage of the tissue in which it is 
propagated. After prolonged contact 
suitable 


there is some evidence that this agent 


however, under conditions 


is capable of injuring the cells 


iV 
\ 
A 
| 
hy 2.—Quantitative estimations of vaccinia virus in the tissue and fluid of individual culture 
electe it various intervals from a series of similar cultures of cardiac muscle obtained fror 
11 day chick embryos. Ordinates indicate highest dilution of the materials giving a definite 
reactio1 the rabbit's skin. (Re printed from J. Exp Med.. 72. 367. 1940. Feller. A. |! 
Enders | | ind Weller | H 


virus in the tissues and fluid phase of 
roller tube cultures of chick embrvonic 
tissues are presented in Fig. 2. In con- 
sidering these data it should be kept 
in mind that the fluid phase was re- 
placed every 2 days. A rapid increase 
in the virus of both phases is followed 
by a long period during which there 
is little change in its concentration. 
The finding of a greater quantity of 
virus in the tissues is characteristic of 
most of the agents that have been 
investigated from this point of view. 


Mumps and Influenza. The viruses o! 
mumps and influenza exhibit similaritic 
as well as some interesting differences 
Both are readily propagated in sus 
pended cell cultures of chick embryoni« 
amniotic or allantoic membrane and 
both show a certain selectivity as t 
other tissues in which they will grow 
In roller tubs 


108 


cultures Pearson an 
Enders found that the virus of in 
fluenza grew well in various chick em 
bryonic tissues including the mem 


branes, lungs, intestine and skin, bu 


| 
| 
id 
| | 
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poorly in brain, skeletal muscle and 
heart. In suspended cell cultures, on 
the other hand, chick embryo brain ap- 
pears to support the crowth of in- 
fluenza virus quite adequately'*. The 
numps virus which grows well in chick 
embryo cultures multiplies much less 
ictively in cultures of human em- 
brvonic parotid gland and pancreas”, 
\nother important similarity between 
the viruses of mumps and influenza is 
the production of hemagglutinin in 
tissue culture'’*. Neither virus appears 
to exert any harmful effect upon the 


tissue in which it is propagated. 
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peak at 48 to 72 hours. Thereafter 
relatively little additional virus is pro- 
duced. The cause of this abrupt de- 
crease is as yet unknown. It is probably 
not due to injury of the tissue, since the 
cells of a culture previously infected 
with this agent are still capable of sup- 
porting the growth of the virus of 
herpes simplex. It is possible that the 
influenza virus rapidly exhausts some 
factor essential for its active growth 
but not essential for the metabolism of 
the cells. 

Lansing Poliomyelitis. The Lansing 
strain of poliomyelitis virus has been 
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Hemagglutinin and infectivity titers in suspended cell cultures of mumps and 


influenza virus (PR 8). 


\ striking difference in the behavior 
t these 2 viruses is evident when one 
mpares their growth curve in sus- 
ended cell cultures of chick embryo 
mniotic membrane. As shown in Fig. 

the mumps virus increases relatively 
owly, usually reaching maximum con- 
entration in the fluid phase on about 

12th day of cultivation. Virus is still 
veloped over a period of a month or 
nger with a gradual decline in its rate 
production. In contrast, the virus of 


fuenza increases rapidly, attaining 


found to multiply in suspended cell 
cultures of various human embryonic 
tissues as well as in cultures of prepu- 
cial tissue from young children’. As 
already mentioned no evidence of mul- 
tiplication has been obtained in similar 
cultures of chick or mouse embryonic 
tissue or adult mouse brain. 

In cultures of human embryonic skin 
and muscle infected with a relatively 
small quantity of Lansing virus an in- 
creasing concentration in the fluid 
phase occurs during a period of about 
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20 days. Thereafter a rapid diminution 
of virus production ensues. 

As we have lately found, this virus 
injures the tissues after a period of con- 
tact of from 8 to 20 davs. It is of interest 
to observe that most of the various cell 
tvpes in fragments of skin and muscle 
or intestine appear to be affected. This 
finding was unexpected since this agent 
has been regarded as a strict neuro- 
trope. 

Equine Encephalitis. In contrast to 
the 


Eastern and Western Equine Encepha- 


virus of poliomyelitis those of 
litis increase with great rapidity in cul- 
tures and promptly destroy the cells. 
Cell death is closely followed by the 
disappearance of virus from the  sys- 
tem 

It is apparent that the viruses that 
we have just mentioned as representing 
various types of behavior may be ar- 
ranged in a series according to their 
cytopathogenic effect. Those of mumps 
and influenza seem to be almost inca- 
pable of injuring the cells in which they 
multiply. Vaccinia and Lansing polio- 
myelitis viruses damage cells only after 
relatively long periods of contact. The 
equine encephalitis viruses destroy 
them with extraordinary rapidity. 

Application of Tissue Culture Tech- 
niques. The most significant achieve- 
ment of the tissue culture method in 
the field of viruses is the development 
of the attenuated strain of vellow fever 
emploved for vaccination. 

Haagen and Theiler“’ demonstrated 
that a highly virulent pantropic strain 
of this virus could be adanied to culti- 
vation in chick embryonic tissue. In this 
medium the virus became modified’*1°2. 
so that it was no longer pathogenic for 
monkeys or man but retained its anti- 
genicity. This modified virus has been 
used as a living vaccine and has served 


as an important factor in the success- 
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ful control of vellow fever throughout 
the world. 
Like that of 


other have 


vellow fever, certain 


viruses become modified 
atter propagation in vitro. Koprowski 
and Lennette™’*’ have reported that 

following 
these 


encephalitis 


prolonged maintenance un- 
the 
and 


\ enezuelan 
West Nil 


viruses showed a reduced capacity to 


der conditions 


equine 


infect mice by the intraperitoneal and 
subcutaneous routes whereas no change 
in their infectivity was observed when 
thev were inoculated by the intracere 
bral route. Similar behavior has been 
of the Columbia 


The virus of 


described in the case 
SK 
peared to lose its antigenicity after long 
re 


ported that one strain of this virus that 


vaccihiila ap 
periods of cultivation 


had been maintained for vears in tissuc 
culture became relatively avirulent for 
rabbits but retained its ability in infect 
the 


chick embrvo. 


chorioallantoic membrane of the 


Eastern and Western 
encephalitis 


The viruses oft 


equine and vesicular 


stomatitis virus have been maintained 
for long periods in cultures of chick 
embryonic tissue without undergoing 
significant change in their pathogenic 


Mi ver! 


found no loss of virulence in psittacosis 


properties’’’. Yanamura and 
virus that had been maintained in cul 
ture of chick embryonic tissue for 2! 
demonstrated only 

slight drop in the concentration of fow 


vears and Plotz'™ 


plague virus present in cultures of chick 
embrvo tissue after five vears of culti 
vation. 

With the exception of vaccine against 
vellow fever, the method of tissue cul 
ture has not been widely used for th 
preparation of prophylactic 
However, Rivers and his co-workers! 
132 and Plotz!'® that 
virus maintained in tissue culture coul 


agents 


showed vaccini 


be used as a source of virus for the Val 


cination of man. Vaccines effective 
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perimental animals have been pre- 
ired from tissue culture preparations 


and 


psittacosis””, influenza® 
In the study of the problems of im- 
unity, numerous investigators have 

found tissue culture techniques ot 
4.5.49 Much of the avail- 
ble information about the role of the 

ell in immunity to viruses has been 
btained in this manner*®, 

lissue culture techniques have yielded 
formation concerning the morpholog- 
1 development of certain viruses. 

(his is illustrated by the work of Bed- 
n and Bland!! and Bland and Canti'* 
ith psittacosis; Gey and Bang* with 
ie Virus of lymphogranuloma vener- 
im, and Bland and Robinow!” with 

the virus of vaccinia. More recently, 
teresting data concerning the mor- 

phology of certain viruses and virus-like 
articles and their relation to the cell 
ive been acquired by means ot spe- 
il tissue culture techniques which 
ike visible the interior of cells bv 


eans of the electron microscope! 


Phe work of Thompson! “and Pear- 
mentioned above illustrate the 
pplication of in vitro methods to the 


estigation 


ft the metabolic require- 
ents of viruses. Early and Morgan**, 
the other hand explored the effect 
certain che motherapeutic agents 
on psittacosis in tissue cultures. An- 
ewes" as well Lennette and 
yprowski* studied in tissue cultures 
problem of the interference phe- 
menon; that is, the inhibitory effect 
it one virus may exert upon the 
wth of another. 
Some of the most ingenious applica- 
ms of a practical nature that have 
en made of tissue culture techniques 
those of Huang*!**. Using the fact 
it the virus of equine encephalitis 
idly reduced the ability of the in- 
ted tissue to proliferate and to me- 
lize glucose as an index of the pres- 
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ence of the virus, he was able to per- 
form titrations and even neutralization 
tests in vitro without using experi- 
mental animals. Working with the 
viruses of influenza Magill and Fran- 
cis”? in 1938 had performed neutraliza- 
tion tests in suspended cell cultures, as 
part of their study concerning the anti- 
genic strains of this virus. However, in 
contrast to Huang they used animal 
inoculation as a means of indicating the 
presence of the virus. 

Huang also found it possible to do 
titrations of St. Louis encephalitis and 
Columbia SK viruses using as evidence 
of the presence of these agents the 
fact that cultures infected with either 
one would not support the growth ot 
equine virus if it was added _ several 
days later. The St. Louis encephalitis 
and Columbia SK viruses did not in 
themselves visibly injure the tissue. 

The use of tissue cell cultures for the 
primary isolation of viruses from. in- 
fected animals and man has been de- 
scribed. Cox?" reported that suspended 
cell cultures of chick embryo tissues 
were more sensitive in detecting the 
presence of equine encephalitis viruses 
than were either mice or guinea pigs. 
Sanders and Huang'*! described small 
tube cultures that they felt could be 
used for isolation of viruses in field 
investigation. By the use of sulfona- 
mides they were able to isolate viruses 
from sputum and mosquitoes in such 
cultures. We'* have recently been suc- 
cessful in isolating poliomyelitis virus 
from stools of 2 patients by direct inoc- 
ulation into tissue culture of stool sus- 
pension to which streptomycin and 
penicillin had been added. Sanders and 
Alexander'*® found that the virus of 
epidemic keratoconjunctivitis could be 
more easily isolated from patients in 
tissue culture than by inoculation of 
mice. Only after the agent had been 
passed through tissue culture did it 
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regularly produce a disease in these 
rodents 

Suggestions for Further Investigation 
of Viruses by Means of Tissue Culture 
Techniques. Although the developing 
chick embryo provides a more con 
venient medium for the routine propa- 
gation of many viruses, for certain 
agents and for special purposes the tis- 
sue culture appears to offer advantages 
over the living animal, including the 
chick embryo. These are dependent 
upon the following facts: 1, tissue cul 


tures represent a great simplification of 


the conditions under which the virus 
multiplies as contrasted with the living 
animal: 2. thev offer conditions under 


which cultivation of the virus mav be 


more easily and accurately controlled: 
3. they afford the means of emploving 
tissues of susceptible hosts such as the 
readily 


with the 


human being which are not 


available for inoculation 
agent 


With the 


mind, it may be profitable in conclu- 


foregoing statements in 


sion to suggest some lines of investi 


gation which may be 


future 


unde I 


pursued in the 
These in turn may be grouped 
3 main headings: a, studies on 
the growth of viruses; b, studies on the 
cytopathogenic properties of viruses; 
c, studies on the factors involved in nat- 
ural and acquired resistance to viruses 


Although 


learned in respect to the broader as- 


much has already been 
pect ol the growth behavior of viruses 
there remains much to be discovered 
as to the For 
example, we do not know whether the 


majority of mammalian viruses increase 


underlying mechanisms 


in a step-like manner comparable to 
that established for 
Using the 
been lately presented that the growth 
of influenza virus presumably proceeds 
To the authors it 


seem that such analyses might be car- 


bacteriophages. 
chick embrvo, evidence has 


in this way would 


ried out with greater accuracy in tissue 
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cells 


more 


cultures where the number of 


available can be estimated 


curately. 
he 


responsible for the 


elucidation of the conditions 
self-limiting chan 
acter of the growth of influenza as con 
those of 


vaccinia would appear to render into 


trasted with mumps an 
mation of fundamental interest and pos 
sibly practical value. It would appeal 
that an approac h to this problem could 
be best 


of tissue culture 


made through the techniques 


The attempt to identify substances of 


known composition which may act as 


growth factors for viruses is in_ its 


infancy. Clearly, progress will be most 
rapid in this field if the relatively sim 
ple svstem of the tissue culture is ac 
the fi 
ther search for drugs and_ antibiotics 
that mav exert viricidal o1 
effects the method 


ful: especially in the case of 


tively exploited Similarly, in 


viristati 
should prove use 
thos: 
agents which ar pathogenic only for 
man or for man and the primates an 
which can be in vitro 

Kor that so far 


found strictly pathogenic for man, cul 


Viruses have beer 


tures of human tissues mav furnish the 
they 
isolated and then studied in the 


only method by which can bi 


labora 
torv. A number of agents of this clas 
still remain such as the infec 


tious hepatitis chicken pox, infection 


Viruses of 


mononucleosis, rubella and probabl 


measles. 
As we have pointe d out. preliminat 
been recorded in tl 


SUCCESSES have 


primary isolation of viruses in. tisst 
culture. The practicability of 
method for this purpose deserv 
much further investigation: since 


certain diseases it might prove a val 
able diagnostic aid both from the cli 
cal and epidemiologic points of vie 

The 


vitro tor the purpose of obtaining a 


mass cultivation of viruses 


gens to be used in diagnostic tests 
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wv Vaccines seems at first sight to be 
f little practical value for most viruses, 
nee other methods are more conven- 
nt and often produce higher concen- 
ition of the agent. But future research 


lav reveal wavs whereby vields of 


irus-containing material may be ob- 


tained which might lead to the adop- 


on of the method tor these purposes. 

is, indeed, evident at the present 
me that considerable quantities ot 
ertain viruses may be easily produced 
nd these in a menstruum relatively 
ree of contamination by molecules of 


irge size. In this latter respect at least, 


tissue culture virus would seem to pro- 


de a suitable material for the prepara- 
mm Of vaccines for experimental work 
as starting material in procedures 
irected toward the purification of the 
vent 
The details of the manner in which 
ruses give rise to pathologic changes 
re still largely obscure. The wav to 
ew procedures for the prevention and 
erapy of viral infections might well 
indicated if the mechanism of the in- 
rv induced by these agents were more 
mpletely understood. It is, therefore. 
portant to maintain intensive re- 
irch on the following problems. First 
determine how the virus particle 
ius entrance to the susceptible cell 
problem that in spite of much study 
ll remains unsolved. Conversely it 
ould be useful to be able to recognize 
factors which prevent the invasion 
cells which are naturally resistant. 
may be anticipated that cultures of 
re lines of cells would be of aid in 
ch investigations. 
Once the virus has entered the cell it 
possible to visualize several processes 
which it may cause injury and cell 
ith. Thus its continued proliferation 
iv give rise to internal pressure suf- 
ient to rupture the cell membrane. In 
s way, it has been shown, bacteri- 
hage destroys its host and, in the 
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case of psittacosis, and vaccinia virus, 
evidence obtained from studies in tissue 
culture and by other techniques suggest 
that the same mechanism may be, in 


I 
researches of this sort aided by the 


part at least. responsible. Additional 


electron microscope might well be fruit- 
ful. 

During the past few vears it has been 
demonstrated that, in large quantities, 
viruses like influenza®* and those of 
the lymphogranuloma venereum-psitta- 
cosis group'** are toxic for animals as 
indicated by rapid collapse and death 
following their inoculation. We have 
no information, however, as to the 
manner in which the toxin produces 
these effects. Is it on the cells in which 
the viruses naturally multiply or is on 
those of the vascular or nervous SVS- 
tem? Again we may believe that the 
tissue culture might prove a useful tool 
in the solution of such problems. 

It is logical to think that the normal 
metabolism of the cell is deranged to a 
greater or less degree during the phase 
of virus increase, and before cell-death, 
if this occurs at all, has vet taken place. 
Evidence for this hypothesis might be 
obtained by further careful studies of 
the O. consumption in tissue cultures 
infected with a variety of agents ac- 
cording to the method of Zinsser and 
Schoenbach'**, as well as by the appli- 
cation of histochemical techniques now 
available for testing for the different 
tvpes of nucleic acids and other biologi- 
cally important substances. 

The conditions that induce muta- 
tions in the pathogenic characteristics 
of virus are known only in a most gen- 
eral way. That such changes may occur 
spontaneously in tissue cultures we 
have already noted. To define these 
conditions more precisely and to be 
able to establish them at will would be 
a highly significant achievement. The 
progress that has been made of late in 
the experimental production of mu- 
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tants among certain species of fungi nisms of natural and acquired resistance 
and bacteria would appear to warrant by application of the method. An an 
the application of the same procedures — swer might be sought to such a funda 
to animal viruses undergoing multipli- mental question as to whether or not \ 
cation in vitro in the expectation that antibody globulin can under any ci 
useful mutant forms might emerge. cumstances pass the cell membran , 

[t is worthy of remark that few and if it does so, whether it can ther 


studies of the effect of tumor producing — inhibit the multiplication of virus. Th 


viruses on cells growing in vitro have available evidence strongly suggests b 
been made since Carrel published his that the answer is in the negative; but 

original observations on the Rous sar- this evidence is not entirely conclusive 

coma virus. Certain objectives for fur- Possibly by invoking the aid of th 

ther researches are obvious. For exam technique recently described by Coons 

ple, it would be important to unde1 and his associates*°, by means of which 

take « ‘periments to determine whether antigenic substances may be demon 
virus could be eliminated from cells strated with precision tissues. deci 
which it had apparently rendered sive results might be obtained 

malignant. If means could be found to In conclusion. we hope that this re 

ccomplish this, it would be of great view of some of the contributions of the , 


ti 
‘s ether or tissue culture method to our under 
not such cells still retained the « ipacity standing of the behavior of viruses may 
to initiate tumors 
; serve to emphasize the fact that. its 

It has been pointed out that a good 
4 usefulness has by no means been ex 
leal has been learned concerning the 
hausted. Indeed we believe that as its 


natural resistance of different types ot 


cells and ot cells ot different speci S ot technique de d further 


become increasingly more quantitative 
animals by means of experiments with 


tissue cultures \loreover. basic obser through the appil ition ot moder 


vations concerning the predominating phvsico chemical ind biochemica 
1! 


role of humoral antibodies in acquired knowledge, they will contribute sub 


immunity to virus intections have been stantially to the solution of the final 


made in a similar manner. It is likely proble ms of the true nature of thes« 
however, that additional knowledg: agents and of the effective control of 
can be gained conc ring the mecha the diseases thev incite 
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RECOGNITION that a new. intectious 
isease Is present in a community is 
day something of an event. To find 


hat it is well established within areas 


s large as those defined by national 
uindaries and that it constitutes a 
ntinuing problem is still more un- 
ual. Yet that is the situation with 
pidemic diarrhea of the newborn. 
The activities set in motion by the 
resence of a new disease tend to 
tlow a common pattern. The condi- 
on is studied clinically, by methods 
f the experimental laboratory, and 
pidemiologically*?, by all of the 
iethods medicine has for acquiring 
ew knowledge. The information that 
lows is sometimes satisfactory 
that for rickettsialpox"; at other 
nes it is all too meager, as with in- 
tious diarrhea of the newborn. A 
ogram of prevention and control 
timately is evolved, sometimes or- 
red and precise” as for rickettsialpox 
metimes wholly empirical as for epi- 
mic diarrhea of the newborn. In 


varving degree incidence decreases, in- 
terest lags, and attention is transferred 
to some other disease or awaits a fresh 
wave of epidemics. Thirteen years have 
passed since epidemic diarrhea first 
came seriously to attention, and it is 
still a problem of nursery populations. 
The purpose here is to determine what 
has been learned in that period and 
what remains to be learned, to review 
accomplishment in control of epi- 
demics, and to suggest the direction of 
effort toward a more adequate preven- 
tion. 

THe Fiecp or Inrerest. Infant mor- 
tality rates in the United States have 
declined steadily since 1900, but the 
improvement in neonatal deaths is less 
marked. In New York City*** death 
rates for infants aged 1 month to 1 year 
were 35.5 per 1000 live births in 1926, 
and 12.3 in 1939. The corresponding 
rates for infants less than 1 month old 
were 32.2 and 24.8. Much of the reduc- 
tion in neonatal mortality is in respect 
to congenital defects, birth injuries and 
(339) 
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prematurity. Deaths from acute diar- 
rheal disease during the Ist month of 
life actually increased, at a time when 
deaths from that cause were less for 
nfants red 1 month to 1 vear. The 
lifferences are suggestively greater 
than indicated by reported demo- 
sraphic data. In ow experience there 
have be repeated instances where 
nftectious diarrhea of the newborn was 
disregarded as a cause of death. even 
luring w defined outbreaks, and re- 
rded as prematurity or bronchopneu- 
Acut ections of the intestinal tract 
urse, an old story among 

ses death in infanev, from the 
lavs era morbis and long befor 
that As Licrobiologic methods wert 
trod | into clinical practice, many 
iseS Wel dentified as due to known 
yathogens principally of the salmonella 
ind sli lla groups Well-defined epl- 
lemics w traced to the same micro- 
rganisms. Alwavs, there remained an 
posing bulk of cases and. of epl- 

which no one of the iccepted 
ithogens of man could be identified 
About 1930 reports 13248 began to 
)] suggesting the existence of an 
id lual disease. with a predilec tion 
I fants in the first davs of life and 
rgel nited to infants aggregated 
rseries. The problem was brought 

I S this country in 1937 with 

t [ ition of a series of reports by 
R yest, Frant and Abramson: 
recognized the disease as 

é liarrhea of the newborn. The 
rse of events in Great Britain was 

h the same. Although death reports 

t 1930 to 1938 give little spec ihe evi- 


lence of this form of neonatal enteritis 
epide logic analvses** showed that 

significant proportion of deaths were 
issociated with one another in time 

As point of reterence to place epl- 
l rhea of the newborn 
illic litions, the recently issued 
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Internati 


Manual of the 
Classification of Diseases, Injuries 
Death* is taken 


diarrheal 


Statistical 
and 
Causes of 
to the 
fants and children 


is a guide 


wcute disorders ot 


\ group of specihi 


infections caused by salmonell is first 
ncluding tvphoid fever, th 


set apart 


paratvphoid fevers of tvpes A, B, and 
( and a 3rd division for other sal 
monella infections, turther subdivic 
iccording to whether or not food is 
mentioned as a vehicle. Bacillary dvs 
enterv forms the 2nd general group 
with distinction a ding to etiologi 
agent as Flexner-B« 1. Schmit Shig 
Sonne ind others ind unspec fied. Ex 
cept for the more chronic tection 
caused by d mitestina 
parasites these ire the kn wh specif 
infections of the gastrointesti tract 
Further classific by cl 
epidemiologic criteria. Food poisoning 
to include both fections nd into 
cations, has independent. stat The 
remaining classes are by age a 
symptomatolog, Diarrhea of the new 
born Rubric 764 ludes all deat} 
ind cases of gastroenteritis and colit 
it anv age when ecified as diarrhe 
of the newborn. For classification | 
deaths, it includes | fatalities fror 
gastroenteritis and itis at ages unde 
t weeks. In morbidity classification 
includes il] cases le thal or n let] 
with onset at ages under 4 week 
Rubric 571 is devoted to gastroenterit 
and colitis, except ulcerative, at ov 
{ weeks: and to diarrhea of unspecific 
cause at 4 weeks to 2 vears. Diarrhea 
ages 2 vears and over falls into classif 
cation 785.6 Discussion IS here limite 


to the diarrheal condition defined 
epidemic diarrhea of the newbo 

Rubric 764 Infections with kno’ 
pathogens of the salmonella or shigt 
groups are ex luded 

THE CLINICAL DISFEASI In the 
sence of an outbreak. recognition 
epidemic diarrhea of the newborn 
not possible Even with 2? or 3 


but more 
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1 a nursery, the clinical suggestion 
av be of other conditions associated 
vith diarrhea parenteral or  non- 


nftecthous AS 2 consequence, authori- 


ties recommend adequate provision 


f isolation units and prompt separation 
questionable and suspicious cases 
ntil their nature is determined. 

The onset is sometimes insidious, 
commonly abrupt. Vague 


emonitory indications of gastrointes- 


tinal disturbance sometimes precede 
by 24 or even 48 hours the severe 


vinptoms of the fully developed dis- 
ise. Some patients are indifferent to 
od and fail to gain weight. Others 
re drowsy, listless, or experience dis- 


tension and occasional vomiting. Pro- 


fuse diarrhea and vomiting are char- 


cteristic of sudden onset. As diarrhea 


persists the infant becomes dehy- 


rated and has a dramatic loss in 
veight, as much as 1 lb. a day. Stools 
re frequent, watery and vellow, later 
hanging to green. Blood, pus, mucus 
r curds are unusual. Stools are ex- 
elled forcibly and with increased fre- 
juency. The buttocks become red and 
xcoriated, Fever is not a prominent 
iture and temperatures ordinarily 
main normal or only slightly ele- 
ited until the terminal rise so com- 
ionly associated with bronchopneu- 

The clinical course of severe infec- 
ons is unmistakable. 

inxious and pinched, and the skin 


The expression 


tremely dry. Color is ashen gray. As 
ehydration and acidosis become ag- 
ravated, the fontanelles and eveballs 
re sunken. Drowsiness deepens into 
yma, and the ery is feeble and short. 
t this Stage 
arrhea profuse. Urinary output de- 
eases and there is marked abdominal 
stension. Except for redness of the 
roat, significant physical findings 
absent 


vomiting is severe and 


Death may occur in 24 hours or be 
ferred several days. Total davs of 


AND EPIDEMIOLOG\ 
illness for 25 fatal cases varied from 
2 to 29, with an average of 8. As with 
most acute infections, the number of 
fatal cases tends to be greatest at the 
beginning of an outbreak, but this is 
not always so. Mild infections may 
continue for several weeks before the 
first fatality. Recovery tends to be slow, 
and marked by decrease in diarrhea 
and arrest of weight loss. The course 
is generally uncomplicated, Recurrence 
of diarrhea after a quiescent period has 
been noted. Otitis media is fairly com- 
mon, suppurative lesions of the skin®* 
occur, and death from hemolytic 
staphyloccocal pneumonia may be the 
terminal event. 

PATHOLOGIC ANATOMY. Post-mortem 
examinations have revealed nothing 
the way of pathognomonic changes 
permitting earlier recognition or a bet- 
ter understanding of the basic nature 
of the disease. Pneumonia, lung ab- 
scesses and hyperemic spots on the 
intestinal mucosa have been described’. 
Craig?’ found hyperemia and swelling 
of the intestinal mucosa, with some 
involvement of Peyer's patches and the 
mesenteric lymph nodes. Two patients 
had early leptomeningitis, and 2 others 
marked intestinal ulceration. Similar 
observations were reported by Green- 
berg and Wronker**. Others*® have 
reported edema of the brain and 
marked erosion of the intestinal mu- 
cosa with multiple minute submucosal 
hemorrhages. The universal observa- 
tion is a lack of anatomic change com- 
mensurate with the severity of clinical 
manifestations. The usual case shows 
a minimal amount of hemorrhage and 
ulceration of the intestinal tract, in 
contrast for example to the unmistak- 
able lesions associated with bacillary 
dysentery. 

‘DIFFERENTIATION OF OTHER Ept- 
pemMic Diseases. Clinical diagnosis is 
commonly by exclusion and by failure 
t» demonstrate one of the pathogenic 
bacteria responsible for acute diarrheal 
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infections of intants. Other acute in 
fections that produce manifest epi 
demics among newborn intants, there 


tore need consideration 

Bacillary dysentery among the new 
born is rare. Of a goodly collection of 
more than 
Search 
Sal- 
monellosis is somewhat more frequent 


epidemics at our disposal 
10) of that 
of the literature reveals only 3 


none was nature 


Difterentiation of both clinical 
grounds may be difficult, but bac 
teriologic examination of the blood 


and stools has much value. Fever is a 


regular accompaniment, and the clini- 


cal course is frequently marked by 
bacteremia and sepsis, with signs and 
symptoms of pneumonia or otitis 
media. Aballi et al, and Abramson, 


Frant and Oldenbusch® have reported 


salmonella outbreaks among the new- 


born in which meningitis was the 
principal manitestation. 
EPIDEMIOLOGIC ATTRIBUTES. in- 


cubation period is indefinite. Informa- 
tion the of an 
outbreak, having the purpose of meas- 
uring the the initial 
and subsequent cases, is without much 


derived from course 


interval between 
value. Odd groupings occur, the dis- 
tribution of 


cases within a nursery is 
most irregular, and the usual result is 
complete inability to intection 
trom < to and to 
eliminate the possibility of a single 
mass exposure. Study of the secondary 


case thus lacks its usual usefulness. In- 


trace 


‘ase sometimes 


case 


fections have been recognized on the 
2nd and 3rd days of life’!°4, which sug- 
gests a short incubation period. The 


usual experience is 6 or 7% days, with 
stated limits between 2 and 21 davs". 
Babies to have been ex- 
posed to the infection in hospitals and 
to have only to 
develop symptoms as long as 20 days 
thereafter. ot 
the behavior of the disease, a subse- 
quent exposure is the more likely 
explanation. 


are known 


been discharged, 


From what is known 


M 
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Nursery outbreaks have been re 
corded in Massachusetts™ and in New 
York City™ at all seasons of the year 
When outbreaks were collected ac 
cording to the season in which they 
started*"°, averag ittack rates were 
greater in spring and summer than in 
autumn and winter, with spring and 
summer showing no material differ 


Individual outbreaks are frequently 


of long duration. Ormiston’ described 
3 that extended respectively from May 


2 to July 20, June 17 to December 15 


and July 2 ‘to September, That of 
Brown, Crawtord and Stent" lasted 
from May to August. Outbreaks chat 
acterized by epidemic waves” ar 
not unusual, with the first wave ex 
tending, for example, from January 
through March and the second from 
April through July. Such outbreaks 
have in other instances been inter 
preted as independent phenomen. 


brought about by a 2nd _ introduction 
ot The ol 


ot 


nursery, and the | 


infection served persistence 


established 


that many 


infection in a 


ny Course 


make Varia 
outbreak the more 


epidemics follow cvclic 
tion within a single 
tenable explanation 

Some outbreaks 
by an appreciable series of mild infec 
before fatal 

In instance the elapsed 


time between the initial case and the 
3) 


are characterized 


tions severe and cases 


occur. one 
first death was 29 davs. in 2 others 13 
and 20 davs. Thess epidemic attributes 


of 


have the effect of inhibiting recogni 


long duration and slow evolution 


tion of the process by hospital authori 
ties and consequently delaved notifica 
tion of health departments. Of 19 out 
breaks 


recorded Massachusetts 


in in 
a 10-year survey", only 6 were re 
ported within 7 davs of the Ist case 
In 10 instances, a month elapse: 
before notification, while in 3 out 
breaks the interval was 50 or mor 


davs between the first case and firs 


4 


rates are high and deaths numerous*® 


PREVENTIVE 


epori. NMlany intants were unneces- 


irily XPOse d 


Epidemic diarrhea of the newborn 
truly epidemic disease. Attack 
though, as with all communicable 
yOCESSES epidemic behavior is sub- 


ect to variation. <A comprehensive 


tudvy of 40 outbreaks**>.™ 
opulations showed a range of mor- 


in nursery 


bidity trom 10 to 60%. Case fatality 


ried from nothing to 88%. Based on 
he same experience average attack 
tes are about 24% and the expectancy 


for deaths pel 100 cases in the 


eighborhood ot 33. 

The sources of infection are un- 
nown. Such evidence as exists sup- 
ts the reasonable assumption that 


the reservoir is man, and that the mode 


transmission is direct or indirect 
rson-to-person infection. The diffi- 
Itv lies in lack of information as to 
hether infection is limited to the age 
roup concerned or is more widely 
stributed in the population, perhaps 
inifesting itself in other clinical 
rms or as inapparent infection by 
ison of acquired resistance. At a 
me when diarrhea of unknown. eti- 
wy was widely prevalent in Boston. 
read of infection occurred from 
itients of the pediatric wards of a 
spital to newborn babies in the 
spital nursery. Both groups had 
iths. the fatality for nurserv infants 
eing 27%. and that for older children 
the pediatric ward 15%. A survey of 
spital populations throughout ‘the 
etropolitan area revealed concurrent 
fectious diarrhea among the new- 
rm in 5 different hospitals. Symp- 
morbidity fatality 
ere in agreement with the classical 


matology 


sease. Concurrent outbreaks in nur- 
ries of a community have also been 
served in Australia'’, with 3. out- 
eaks in 2 hospitals from early May 

\ugust, 1943. Except for a nurse 


th vague gastrointestinal disturb- 


MEDICINE 


AND EPIDEMIOLOGY 


ance just preceding one nursery out- 
break, no intestinal illness was dis- 
covered among mothers or nursery at- 
tendants. Coincident outbreaks in the 
hospitals of a community is an epi- 
demiologic feature not sufficiently 
emphasized. 

Cumming=" reported a nursery out- 
break among infants where several 
mothers were then convalescent from a 
diarrhea generally prevalent through- 
out the Washington, D. C., area. 
Another outbreak spread from adults 
on a maternity service to infants of 
the nursery and subsequently to chil- 
dren in an institution and others in 
private homes. An outbreak termed 
“gastroenteritis of unknown etiology’ 
started in the maternity unit of a hos- 
pital in Oxford, England. Mothers 
commonly became ill 5 to 9 days after 
admission. Babies, patients, hospital 
staff and household contacts were 
eventually affected. Where — both 
mother and child were ill, infection 
of the infant preceded illness of the 
mother in 22 instances, in 15 cases was 
later, and coincided 5 times. Secondary 
cases in the home followed discharge 
of patients from the hospital. The 
circumstance loses. some significance 
in that the clinical manifestations were 
less severe than with epidemic diar- 
rhea of the newborn as seen in the 
United States. but the disease is 
recognized as being generally milder 
in Great Britain?***, 

With this understanding of — the 
clinical nature of the disease, of the 
pathological changes it brings, and of 
its mass behavior in epidemics, atten- 
tion is now directed to the specific 
features of host. agent and environ- 
ment in a search for causes of out- 
breaks. 

THe Hosr Facror. Opinion about 
the age distribution of epidemic diar- 
rhea of the newborn is undergoing 
change. Earlier descriptions empha- 
sized a limitation to the neonatal pe- 


345 
W 
il 
i¢ 
ill 
id 
d 
5 
ot 
| 
il 
re 
I 
) 
( 
ré 
( 
if 
rl 
il 
( 
re 
4 


344 PROGRESS Ol 


riod with minimal or no involvement 
ot older 
In the 
Dodd 


trom 


infants, children or adults”. 
outbreak of Buddingh and 
spread of infection took place 
adult attendarits to infants and 
extended to household contacts 6 and 8 
vears of age. The mildness of the dis- 
ease and the presence of stomatitis sug- 
gest an etiological agent not usually 
associated with epidemic diarrhea of 
the outbreaks**> 
conforming wholly to accepted clinical 
interpre tations. the 
and older children have 


de Ve loped 


newborn. In other 


infants beyond 


neonatal age 
also indistin- 
guishable from epidemic diarrhea of 
the newborn. Six outbreaks in hospitals 


ot San 


symptoms 


Francisco** gave an age distri- 
bution for 45 fatal cases of 33 patients 
less than 1 month old, and 12 past that 
age, of which 4 were aged 2 months or 


more. One last practical consider- 
ation bearing on age is that the longer 
newborn infants are held in hospitals, 
the greater is the likelihood of contract- 
ing th 


more a matter of increased opportunity 


disease. Presumably. this is 


for exposure than an optimal suscepti- 
bility during the later neonatal period. 

Outbreaks of a generally similar dis- 
ease and of demonstrated viral origin 
are no uncommon occurrence in insti- 
adults*®. No relationship 
two has been established. 


either through comparison of agents 


tutions 


betwe en the 


isolated, by immunity reactions or epi- 
de miologic illy 

In the Massachusetts experience™ 
both morbidity and case fatality were 
greater for premature infants than for 
those born at term. The comparative 
morbidity rates of 49 21%, and 
fatality rates of 53 and indicate 
both a greate1 susceptibility of prema- 


and 


25% 


ture infants and a lesser ability to cope 
with the infection. 

The evidence of protection against 
epidemic diarrhea of the newborn 
through breast feeding is conflicting. 
In the outbreaks reported by Lembcke, 
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et al.®4, 54% of 33 
mula became ill, compared with 21% of 
144 


being significant. Maves*” 


infants ted by tor 


breast fed babies, the differences 


also report d 


that breast fed infants fared better 
Campbell'* by contrast found — the 
majority of her cases were among 
Abramson™ found no differences in 
attack rate between the groups In 
Massachusetts, outbreaks have involved 
both artificially ind breast fed in 
fants. Since breast fed babies shortly 
after birth commonly receive either 
supplementary feeding by formula o1 


the distinction be 
tween the 2 methods of feeding is not 
Phat 


afforded through transmission of mater 


lactose solution 


always complete protection is 


nal antibodies by milk would seem to 
have little support 
THI AGENT. The 


epidemi 


INFECTIOUS agent of 
th 
that 
common pathogenic 
tract 


find 


disease diarrhea of 


unknown. It is cleat 
the 
the 
is responsible. The 


newborn is 
no one ot 


bacteria of human intestinal 
bacteriologic 
ings are most diverse, from epidemis 
to epidemic and frequently within th 
same epidemic. That both shigella an 


salmonella have 


given rise to epl 
demics of diarrhea in nurseries 
clearly evident. Various types ot 
salmonella, to include S. wichita' 
S. typhimurium™*, senftenberg 
and S. choleraesuis have been ii 
volved somewhat more frequenth 


19.79 


than shigella® The spread of inte: 
the agent 
concerned, with a mother identified i 
the source of th 
outbreak. The critical consideration 

that of of outbreak 


studied, these known agents of intest 


tion was characteristic of 


several instances as 


the hundreds 
nal infection have been isolated in rela 
tively few. With facilities for bacter 
ologic examination generally availabl 


and with these microorganisms  s 
readily demonstrable, the conclusio 
is reasonable that if this evident! 
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communicable disease is a specific in- 
tectious process, then some other agent 
is responsible 

Phe first requirement for a micro- 
organism to be considered as the 
cause of an outbreak is that it be found 
with regularity and in appreciable 
numbers in most cases of the epidemic. 
In a nursery outbreak involving infants 
t ages 6 weeks to 10 months rather 
than the newborn, Walcher™ recov- 
ered B. mucosus capsulatus from 22 of 
24 patie nts. The stools of all were free 
from the microorganism one month 
later. Only 2 of 107 healthy infants 
irried the organism. Jampolis et al. 
in 1932 had reported similar findings 
umong newborn infants, and addition- 
lly, the mMUCOSUS 
apsulatus in the throats of 3 adult 


presence ot b. 


mtacts. Single bacterial agents ot 
other nature have also predominated 
among cases of diarrhea in newborn 
infants. Hemolvtic streptococci*’ were 
recovered from the throats of 14 sick 
infants the blood of others and 
from the stools of all 16. Cass'* isolated 
\erobacter aerogenes (B. lactis aero- 
renes) trom the feces of 5 sick infants. 
During a community-wide outbreak 
diarrhea, with milk likely 
ehicle, Ensign and Hunter** recov- 
ered Pseudomonas aeruginosa from 
vatients of a hospital nursery. Nine 
lied - among 24 affected. 

Most of the bacteria found to pre- 
dominate among patients of an epi- 
lemic are not accepted pathogens for 
idult humans. No one has been dem- 
mstrated with any regularity. Different 
pecies are found in outbreaks which 
ire strikingly similar, clinically and epi- 
lemiologically. Their presence. would 
seem to depend more on the opportune 
features of the environment than on a 
particular biologic characteristic of the 
microorganism that gave unusual ca- 
pacity to produce disease. 

\ mixed flora, with some potential 
pathogen present, has characterized 
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bacteriologic study of stools in other 
epidemics. Much variation from  pa- 
tient to patient within the same epi- 
demic is usual. Staphylococci were 
isolated in outbreaks reported — by 
Dulaney and Michelson*!, Baker*, and 
Felsen and Wolarsky**. E. coli was the 
suspected causative agent in sev- 
eral Others include 
monilia®*""", B. proteus vulgaris** and 
clostridium  welchii®'. The marked 
changes that take place in the bacterial 
flora of healthy newborn infants, in 
the transition to what becomes ac- 
cepted as the normal state for older 
children and adults, are not always 
appreciated. Kneeland®? has described 
the alterations in nasopharyngeal flora 
during early infancy. The changing 
pattern of the intestinal flora has been 
widely Differences be- 
tween breast fed and artificially fed 
infants are well known". It is there- 
fore not surprising that bacteriologic 
studies during the course of intestinal 
outbreaks at these ages show much 
variation. Examination of stools of 
normal infants under similar environ- 
mental conditions, and concurrently 
with the course of an epidemic would 
be informative. 

The lack of uniformity among bac- 
terial findings naturally directed effort 
toward other microbial forms, and to a 
virus or a group of viruses. Ether- 
treated stools®! from infants ill with 
epidemic diarrhea of the newborn 
were inoculated intraperitoneally into 
baby Swiss mice. Specimens from pa- 
tients killed 39% of mice; from normal 
controls, 11%. The interpretation was 
that some agent lethal for mice is fre- 
quently present in feces of infants ill 
with infectious diarrhea of the neo- 
natal period. 

Buddingh and Dodd" studied a 
nursery outbreak among the newborn 
in which diarrhea was a_ prominent 
svmptom, but which was atypical in 
that most patients continued to take 
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feedings and gained weight. Transter 
of swabbings trom the tongue and 
gums and from stools to the cornea of 
rabbits led to a characteristic inflam- 
matory reaction. Swabs from normal 
infants were without result. Reactions 
were obtained with materials trom 
adults with sporadic stomatitis, and 
also from adults with no clinical evi- 
dence of infection. Three of 4 nurses 
with duties related to the nurserv gave 
evidence of the presence of virus, one 
having lesions of stomatitis. One of 
the other 2 nurses developed stomatitis 
the week following the outbreak. Hei 
own 2 children, aged 6 and 8 years, in 
turn had lesions of the mouth, con- 
firmed as of similar nature by rabbit 
inoculation. The nurse-mother still 
carried virus 3 months later. Meikle- 
john"* reported similar findings. 

The observations of Light and 
Hodes first reported in 1943 are 
most suggestive. Four nursery out- 
breaks were studied, 2 with high mor- 
bidity and 2 with the usual morbidity 
but a fatality that was respectively low 
and moderate. Suspensions of stools 
from patients were introduced nasally 
into calves. Bloody mucoid diarrhea 
followed. Filtrability of the agent was 
established for each of 4. strains iso- 
lated from the separate epidemics. All 


have been passed serially 
} 


through 
Exposure of the agent to 
heat at 80°C. for 1 hour led in 1 in- 
stance to inactivation and in another to 
attenuation 


calves 


The demonstration of MG strep- 
tococeal antibodies and of cold agglu- 
tinins in serums of infants recovered 
from acute diarrhea has recently been 
advanced as further suggestion of 
viral causation in this group of dis- 
eases”. The patients were older in- 
fants, usually in the lst vear of life and 
with no suggestion of primary atvpi- 
cal pneumonia. 

THE ENviRONMENT. A brief experi- 
ence with outbreaks of epidemic diar- 
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rhea of the newborn will demonstrate 
the importance ot phy sical and social 
factors of the environment in causality 
There is the matter of feeding. Bacteri- 
ological examination of nipples and 
prepared feedings in nurseries where 
an outbreak is present commonly re- 
bacteria 
among them staphylococci, B. subtilis, 


veal large numbers of 
and gram-negative bacilli. Field study 
of nursing technique s and of methods 
of preparing formulas in our experi 


ence has repeated] demonstrated 
deficiencies, often in direct violation 
of state regulations and easily sufh- 
cient to account for observed bacteri- 
ologic inadequacies. Bacteria judged 
identical by accepted methods were 
recovered from infants, from materials 
used in their care and from milk mix 
tures with which they were fed. In on 
instance, Group D_ streptococci were 
isolated from the throats of 9 infants 
from the stools of 3, and from bottled 
feedings, antiseptic solutions for th 
hands of nurses, from thermometers 
and from receptac les in which thermo 
meters were kept. In a 2nd epidemic 
E. coli was recovered from the throats 
of 7 patients and from feedings, ther 
mometers and hand dips. A 3rd_experi- 
ence gave cultures of Staph. aureu: 
from supposedly sterile nipples, a 
funnel for filling nursing bottles, the 
throats of patients, and the 
antiseptic solution used for hands 
Prepared feedings frequently gave 
bacterial counts that would not meet 
requirements for market milk. A vari 
etv of bacteria were recovered: from |] 
sample, with a bacterial count of 32,00 
per cc., E. coli, Staph. aureus, B 
proteus vulgaris and Group D strepto 
cocci; from another with 396.000 bac 
teria per cc., Staph. aureus, B. subtilis 
and E. coli. Even breast feeding may 
carrv a risk, for in 1 outbreak®* th 
skin of the breasts of mothers wa 
contaminated by pledgets from 

faulty boric acid solution. No sugges 
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tion is made that the bacteria recov- 


ered under these several circumstances 


had etiologic relation to the disease. 
[he observations do indicate an ex- 
hange of intectious material between 
patients and their environment. This 
night well include the actual agent. 
Common use of rectal thermometers 

prohipited by sanitary regulations, 
but individual thermometers were not 
ilways found available for each infant. 
{Antiseptic solutions for maintaining 
thermometers were many times  inet- 
fective. Experimentally, the addition 
small amounts of protein in’ the 
form of nutrient broth gave abilitv to 
support bacterial As with 
thermometer solutions, antiseptic solu- 
tions for treating the hands between 
are of individual babies were often at 
fault. The so-called “hand dips” were 
ften used for several davs without 
hange. The bacterial count of one 
vas 150,000 per cc. Contaminated oil 
bottles and lubricating jellies for ther- 
mometers were other possible means of 
transmitting infection, as judged by 
icteriologic studies 

Overcrowding of nurseries was com- 


ionly met in investigation of  epi- 
lemics. A recognized standard?” for 


oor space is 30 square teet per bassi- 
et and 40 for premature infants. In 

epidemics of our experience, there 
is scarcely room for a nurse to pass 
tween rows of bassinets. 

Hyporueses OF ORIGIN AND TRANs- 
fission. From information currently 
vailable, the need now is to derive a 
vorking hypothesis of the origin and 
iode of transmission of epidemic diar- 
hea of the newborn, to the practical 
urpose of permitting as logical a pro- 
ram for prevention and control as is 
ossible. Administrative action must be 
hiefly on clinical and epidemiologic 
itormation. Little or no positive aid is 
) be had from laboratory procedures, 
rdinarily a main reliance in infections. 
he situation is not unlike that which 
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John Snow faced in the control of 
cholera, except that to modern eyes the 
problem seems more difficult*’. The 
etiologic agent is unknown. Whether 
or not an acquired immunity results is 
unknown. There are no known means 
of inducing artificial immunity. Older 
infants and adults are presumed to be 
resistant, but there is no proot that they 
are. Post mortem examinations show 
remarkably few tissue changes and 
none pathognomonic of the disorder. 

Origin. The circumstances under 
which unfamiliar infections appear in 
a community need understanding for 
satisfactory appraisal of the present 
problem. In the first place, a newly 
recognized condition may be anything 
but a new disease; it mav be among 
the oldest and best known of infectious 
processes, straved from its accustomed 
habitat to a new location. The invasion 
of the United States by cholera'® in 
earlier times was of this nature. 

Occasionally, a primary disease of 
animals passes successfully to man, to 
become recognized as a new infection 
of humans, modern examples being 
tularemia"! and _rickettsialpox™. 

\ number of diseases that came from 
animals, arthropod-borne encephalitis™ 
and Q fever’, and others such as _pri- 
mary atypical pneumonia’, give every 
indication by historical and epidemio- 
logical evidence of having existed in 
human populations long before they 
were discovered. A new disease may 
thus be not so much new as newly 
identified. 

Other circumstances give more justi- 
fication for looking upon an infectious 
disease as new. The viruses of influenza 
are notably unstable’ and proof exists 
that mutants come into being as new 
strains within relatively brief periods, 
epidemiologically considered. Burnet 
and Clark'® have advanced that con- 
cept in explanation of the pandemic 
of influenza of 1918. 

If the ecologic determination’? of 
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nass disease is accepted if the causes 


of trequency variations are resident in 


the qualities of the environment and of 
the host as well as in the agent, then 
the origins of new diseases are to be 
sought also in these other elements of 
the ecologic triad*!. Poliomyelitis be- 
came a new disease of North American 
Eskimos"* by reason of an altered social 
environment. To the extent that it was 
recognized as a specific and direct haz- 
ard of selected groups, the same infec 
tion became a new disease of tonsillec 
tomized pe rsons*, and by reason of an 
altered host facto 

about 1937, in both 
Europe and America, appreciation be- 


whe 


came general that an uncommon acute 
ntection of the intestinal tract was be 
ng se among infants, particularly 
newborn infants housed in nurseries. 
pid mics that occurred were no 
new problem. Observations had been 


ulating for 10 years, perhaps 20 


it first as scattered and’ indefinite epi- 
sodes, then more frequently, until 
weight of numbers gave evidence of a 


significant problem ot a peculiar age 
group Epidemics welled up over na- 


| areas and in several continents 


lla 
his was no old disease spreading by 
ontinuity from a remote endemic 
source. The behavior was not that of a 
new microbial variant introduced into 


tresh p ypulations, with sharp epidemic 


prevalence affecting all ages. Nothing 
it 


in its epidemiologic relationships indi- 
connection with animals. The 
slow and spotty increase in numbers 
of epidemics suggested an origin within 
populations, from an infectious agent 
long established there. Either an al- 
tered host or a changed environment 
could have provided the stimulus. No 
reason exists for a belief that innate 
host characteristics of infants have 
been modified during the past 25 years. 
Significant changes in environment 
have occurred, particularly in the social 


environment whereby in countries 
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chiefly affected most babies are now 
born m hospitals instead of homes. The 
aggregation of newborn infants in nul 
series provides a physical environment 
strikingly different trom that of | the 
single miant in a home and, presum 
ablv. the circumstances which make 
extensive and highly tatal epide mics ot 
diarrhea possible 

Nature. At least 6 possibilities may 
be advanced in explanation of the 
nature of the disease Ihe Ist is that 
the syndrome described as epidemi 
diarrhea of the newborn is a nutri 
tional disorder or a metabolic disturb 
ance with unusually severe 
quences because of the time of life at 
which it occurs, betore adjustment to 
in ordered dietary regimen. This is 
unlikely because there is no good evi 
dence of differences in attack rates 
between natural and = artificially fed 
babies. The disease is almost wholly ot 
infants in nurseries; and a nutritional 
origin would suggest more frequent 
occurrence in the general population 
among infants born in homes 

Secondly, there is the possibility that 
the disease is primarily a toxemia 
rather than an infection, and arising 
from a variety of organisms, a featur 
incident to establishment in the = in 
testinal tract of infants of the normal! 
bacterial Hora of humans. The evident 
communicability is the best evidence 
against an essential toxemia. Additior 
ally, well-marked differences in in 
testinal flora characterize natural an 
artificially fed infants. If the syndrom 
is related to the initial implantation « 
foreign microorganisms, then the 
groups should react differently; ai 
vet both are equally susceptible t 
epidemic diarrhea and the diseas 
follows a similar course. There is als 
the matter of restriction to nurseries 

A 3rd assumption is that the cond 
tion is not primarily of the intestin 
tract but an infection of some oth 


part or anatomic system, as of tl 
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idocrines or the central nervous sys- 


mn, with the intestinal etlect of paren- 


eral nature. linical manitestations 


uncomplicated cases center so 


trongly around the gastrointestinal 
act as to discount a parenteral origin. 
Yther than for 


ons, little 


pyogenic complica- 


change is found 
those of the 
also far from distinctive. The 
Buddingh and Dodd! 


iv be offered in support of this inter- 


tissue 
sewhere, but intestinal 
ract are 


hyse rvations ot 


retathon but the outbreak trom 
vhich they came was not typical of 
the svndrome under discussion. This 


\planation IS dropped trom consider- 


tion largely by reason of negative 


idence 

The 4th hypothesis now receives 
nsideration. A number of different 
pidemic intestinal diseases may be- 
me implanted in nursery popula- 


tions. The svndrome described as epi- 


thus 


disease 


mic diarrhea of the newborn 


iv be considered not as a 
tity but as a collection of infections, 


me caused by known pathogenic 


and some by agents as vet un- 
also subject to 


with rash, but 


wn. Children are 
veral kinds of disease 


is does not discount the validity of 
isles as an entity. Salmonellosis and 
gellosis are 2 specific diseases 
long an intestinal group. Collec- 
ely, they are responsible for a minor 
mponent in the total number of re- 
rded epidemics among newborn 
fants 
Fifth, « pice mic diarrhea of the new- 


rn is considered as a specific com- 
inicable 


ly to type 


disease contorming as regu- 
clinically and epidemi- 
entities. 
ie clinical and epidemiologic varia- 
larger group are 
with a single entity. That 
necessity re- 


wically, as do most such 
ms shown by the 
mpatible 
sumption is not. of 
for 2 or more allied conditions 
represented, of the nature of 
tvphoid and paratyphoid fevers, to 


ired 
i\ be 
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more refined 
methods than now exist. Rather clearly, 
the majority of outbreaks conform to 


be separ ated only by 


t pattern which has been de scribed as 
epide mic diarrhea of the newborn and 
is reasonably recognized as a specific 
infectious disease. 

The above interpretation does not 
final or 6th hypothesis, that 
the disease represents the reaction of 


exclude a 


un extremely susceptible host, the new- 
born infant, to a first impact with an 
widely distributed 
in the population and of low virulence 


infectious agent, 
for all except infants. If this be true. 
the ordinary bacterial pathogens ap- 
excluded. To be sure. there are 


bacterial 


pear 
Common diseases ot tar 
greater importance for infants than for 
older children, such as 
but not to the 


Furthermore, the 


whooping 
cough, extent that exists 
in this instance. bac- 
irregular. The 
There 
must be many viruses that conform to 
the stated 


only the repeated transient fevers of 


terial findings are too 


immediate thought is of a virus. 


characteristics, to consider 
undetermined origin that occur in in- 
fancy and childhood and disappe ar 
with age. In fact, species are being iso- 
lated identified with 
frequency, and, like viruses 
the tendency toward inapparent clini- 
cal manifestations is often a predomi- 
nant characteristic. The undue suscep- 
tibility of older children and adults to 


and increasing 


in general, 


minor indeterminate fevers as they 
enter a new environment, characteris- 
tically infections in tem- 


respiratory 
perate regions and intestinal in the 
evidence of the 


tropics, is additional 


of such viruses. The Goums 


intestinal 


existence 
never did understand the 
difficulties of American 
North Africa. At least 
epidemic diarrhea of the newborn have 
been related to a virus®®. 

Mode of transmission. Increasing 
evidence suggests that epidemic diar- 
rhea of the 


soldiers in 
outbreaks 


newborn is not so strictly 
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the neonatal period as was 
that 
n develop the infection 


infants 
An 


lec tive 


and older 


highly 


ittacks only persons within a 


{ weeks of age is surely un 
Ecologically, a parasite with 
s thus limited would have 
tv in assuring survival through 
to tresh hosts. The broad geo- 
listribution of this epidemic 
tants, in North America*' 
Australia of 
ggests an agent widely dis 
human populations. A 
S cently been demonstrated 
rrheal disease of adults*® 
SS re itionship needs inves- 
ced into in intant 
the tection persists 
s spite of isolation ot pa 
itine of contacts. This 
smiss Inapparent infec 
ts and also of idult nun 
ts is one possibilitv. A 
rte! clinic i recovery 
ss likelv. The virus of Light 
is beer proved de- 
sistant to heat ind other 
ic~nces which Sug 
contaminated nursery 
ractical vehicles of in- 
I ental transmission. of 
Its to human volun 
ic¢ ym plished not only 
Sus s. but bv respirator, 
t] ibsence ot direct 
J u measures for epi 


shoul 


x group of related viruses o 


tectivitv tor newborn intants 


voir of infection is the human 


infection has been | 
the 1 


bye havi 


American populations 
served epidemiologi¢ 
epidemic disease of the newhe 


marily determined by chang 


] 


social environment where 


births are in hospitals and. in 
aggregated in nurseries: 2. hl 


vond the 


tf high in 
the reser 
host: the 


ong implanted in 


ob 


Ol iS ill 


ly 


as pr 
CS Il the 
by mos* 
ifants are 


ifants be 


neonatal period may ce velop 


the clinical clisease Ones introduced 
into nurseries, infection tends to per 
sist obstinately and for long periods 
the reasons are nknown. Control 


measures should give attentio 


n to 


parent infection of infants and of adult 
nursery attendants, to a carrier state 
among recovered patients ind to the 
ability of the virus to survive fo ap 
preciable periods outside the huma 
body; 4. Knowledge of the 
mode of spre id is definite Since 
similar disease of adults has bee tral 
mitted experimentally — by nateria 
from both the upper respirator il 
intestinal tracts. control measures at 
to be directed toward both eS 
spread. The recommendations for pr 
vention and control that now { \ 


On the issumptio1 
CONTROL OF 


acute 


diarrhea of the new 


i problem ot hospital nurseries \ 


| } } 
epidem has ber rded of 
] 
eral population. R oniti that 
epidemic exists or is in the king 
i basic consideration \ specifica 
designated hospit Stal 
should be consulted in all suspic 
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ious cases are to be segregated rom 


ell babies until dlagnosis 1s estab- 


hed Karly 
ral 


ental to conirolt. ‘ihese events have 


report: outbreaks to 
health agency is funda- 


der significance than the local hos- 
Lhe health department 
ordinates the activities of hospital 
staff, local health 
ithorities and the public. 


tal interest 
clic al 


nel ils 


Once an outbreak is established, the 


ursery Is closed to admissions. Sick 


fants are placed in isolation in the 
liatric ward or in another hospital. 
some instances™’ admission of new- 
rn infants to a separate clean nur- 
ry has continued during an_ out- 
eak. In our experience, a clean nur- 
rv has even been operated adjacent 


the contaminated unit without cross 


fection. The practice involves a risk, 

cle spite strict attention to aseptic 
hnique cross. infection has oc- 
rred 


Contacts are quarantined and ob- 
ed for early signs and symptoms 
the disease. Through arrangement 
th public health officers, exposed 
their 
nes during the outbreak are fol- 
ved for 


ess, mothers being informed of the 


thy infants discharged to 


evidence of subsequent 


ly manifestations and of the neces- 
for prompt treatment. Search for 
es among admissions to other hos- 
ils has revealed missed cases and 
outbreaks. Death 
tificates of newborn infants during 


n unreported 
epidemic period may also give 
rmation 
Had the practice not been a matter 
observation, it would be super- 
mis to advise that non-professional 
ndants are not to serve both clean 
| infected nurseries. Infants should 
be taken from contaminated nur- 
es to be fed by mothers. The entire 
including nursery, 
r and delivery rooms, and_ the 


ternity unit, 


nula preparation room scruti- 


nized for faults in aseptic technique 
and inadequacies of equipment. Sani- 
tary inspection is made or water and 
milk supplies and of food storage. The 
obstetrical and nursery departments 
should be thoroughly cleaned after 
final discharge of patients and exposed 
sterilized where 


infants, equipment 


possible, and sanitary defects cor- 
rected. 

PREVENTION OF THE Disease. Preven- 
tion of epidemic diarrhea of the new- 
born requires analysis of medical and 
nursing supervision, of physical con- 
struction of hospital facilities, and of 
medical and surgical techniques. For 
better appraisal of maternity units, a 
scoring system has been devised, with 
numerical values assigned each of 8 
factors regarded as significant™. 

Immediate control of the nurseries 
is desirably assigned to 1 physician, 
an experienced pediatrician. Nursing 
supervision is likewise — specifically 
delegated. New nurses require special 
instruction before assignment to the 
service, and duties are limited to the 
nursery, with necessary relief recruited 
trom parts of the hospital not con- 
cerned with infections. 

Labor rooms are recommended in 
the ratio of 1 labor to 10 maternity 
beds, and 1 delivery room for each 
20 beds, except that in large special- 
ized maternitv hospitals lesser require- 
ments suffice. Adequate provision is 
required for maternity patients with 
infections. Gynecologic cases are pref- 
erably not housed on the maternity 
floor, and segregation from medical or 
surgical cases is desirable. In smaller 
hospitals, housing of the entire mater- 
nitv unit on a single floor will decrease 
infant travel through corridors and on 
the elevator. Elevators used by nurses 
to transport infants should be free of 
other passengers, but provided with 
an operator. 

Planning of new nurseries and the 
remodelling of existing facilities re- 
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quire attention to possible avenues of 


infection. Adequate space light, ven- 
tilation and controlled humidity should 
be considered Suspension of bassinets 


on double-decked pipe 


hibited. A common practice of the past 


racks is pro- 
was to build large nurseries with 20 to 


30 bassinets. Present day recommen- 


for smaller units. desirably 
to house 12. full-term 
ideally S to 10 


dations 
infants, and 
bassinets, although 
difficulties 


in adequate utilization of nursing time. 


such small units introduc: 


Massachusetts hospital regulations 
require nurseries to be provided with 
an anteroom to 


serve aS an eCXamlnmg 


room for physicians. This design pro- 
vides a series of units, with the result 
that contamination of one does not 
interfere with activities in another, as 


in conventional construction with a 


workroom for each 2 nurseries 


single 
\ unit with the specific purpose of 
housing suspicious cases is another aid 
in control of infectious diarrhea of the 
wborn 


lranster of infants to isola- 


tion was formerly much delaved. often 


until the diagnosis was definite, with 
the result that all infants in the nur- 
sery were exposed. Infants with sus- 
picious symptoms are transferred for 
observation at the discretion of th 


supervisor or head nurse, are cared for 
there by 
the 
until 


attendants with no duties in 


nursery. and 


cannot be removed 
tor. 
This special unit, with its anteroom 
is wholly the regular 
nursery and provides 2 and not more 
than 3 bassinets. For the small hospital, 


one such bassinet is recommended for 


symptoms accounted 


are 


separate from 


each 10 of capacity, a ratio in excess 


of requirements for large maternity 


hospitals. Isolation facilities 


are in 
addition, for the suspect nursery is not 
used for recognized infections. 

The recommended practice for in- 
fant care is that it be in the infant's 
with individual equipment 
properly labelled and kept in a built-in 


bassinet 
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Suc! 


unit care insures a degree of isolation 


each bassinet. 


storage space tor 


Infants are preferably transported 
mothers at teeding time in the arm: 
of the nurse or in individual bassinets 
and not by group carriers. Experienc« 
in the investigation of epidemics show 
that formula preparation in hospitals' 
does not always receive merited atten 
tion, notably the periodic review" of 
sterilization 
and th 


foods are 


procedures, retrigeratio 
sanitary environment in whicl 
Common dressing o1 
They 
Weighing scale 


are draped with sterile material befor 


made 


diaper tables are undesirable. 


toste CTOSS inte ction 


we ighing babies. H undwashing bv at 


tendants with soap or a detergent 


important. Dipping the hands in pr 
not ac 


sumed antiseptic solution is 


quate Individual lavatories are a part 
of each nursery 
Visiting of 


with 


maternity units by pet 
throats an 
not to be pel 
an outbreak 


possibility 


Sons colds SOre 


diarrheal disease is 
mitted. In the face of 
visiting enlarges th 
spread of infection, and by choic 
suspended. The practical solution 
most often found in limiting the nun 
ber of visitors and of visits 
The current resumption of the roor 


ing-in principle’’** brings new pro! 


lems of prevention, not only of e] 


demic diarrhea ot the newborn but 
other infections of the neonatal peri 
Where service is provided through p 
attendants, the 
is no problem. Indeed, this mav be t 
the 


the environmental 


vate rooms with few 
answer to epidemics of rect 
effect 


assuredly not of hospitals as such 


vears, [o1 
of nurseries, of aggregation of infa 
the opportunity 

spread of infection. On the other h 
when rooming-in is 
through 4- 
t-hed 


mon 


and resultant 
accomplis! 
and 8-bed units. with t 
bassinet nurseries and 
workroom, the smaller units 


a gain but the number of contacts 


a 
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tween mothers, infants, nurses and frequently in schools, and those of 
isitors is greatly increased. older adults in institutions. In each 
Summary. The empirical measures class, some are demonstrably of ortho- 

that are the current program for pre- dox origin, by way of the common 
ention of epidemic diarrhea of the — jntestinal bacteria; others are of ob- 
ewborn exist for a single reason, and — goure etiology. 

that is lack of knowledge. What is é 


Epidemiologic interests experience 
ione im the tace ot ali epidemic recalls ; 

fashions, as does most human en- 
cherished army expression of “throw 
he | deavor. The early concern with in- 
the book at it’—try everything. Out- 


ot environmental sanitation — later 


wore finesse than the veterinarian has 

when he meets his epidemic problems turned to respiratory disease and then 
What needs most toes Ce known. other ®@rthropods. Those who feel that the 
in the identitv of the infectious first field has been largely exhausted, 
rent, is the source of infection. Infor- that environmental sanitation is no 
ition might well be sought in the longer a consequential part of public 

elationships between epidemics of the — health, might have a look at the 
vborn, the outbreaks that occur so nurseries of present day hospitals. 
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BOOK 


MIMISTAMINIC AGENTS IN ALLERGY. By 

Author Annals of the New York Academy 

f Sciences, Vol. 50, Art. 9, Pp. 1013-1208 

New Yor! Academy of Sciences, 
Py 

OURTE! irticles that discuss the various 

ts of t role of histamine in human 


nd in experimental anaphylaxis 


n ot histamine; antihis 


n went their mode of action under 


ns and their application in 


| alles The Authors are experts in 
r seve! fields (e.g., The Pharmacology 
Hista by Sir Henry Dale: Anti 
ri | by Samuel M Fein 
posium should therefore be 
those interested in experi 
il allergy R.K 
OLOGK DiaGNnosis oF LuNG CANCER 
| Seymoun M. Farsper, M.D... Mutton 
ROSENTHAL, M.D., Epwin F. Atston, M.D 


Mortimorne A. Bentorr, M.D., and ALLEN 
kK. McGrarnu, Ir., M.D., Univ. of California 


Pp. 59; 60 ills. in color. Springfield, Il 
Charles C Thomas, 1950. Price. $6.00. 

raph details the problem of 
nizing cancer cells in sputum and 
chial aspirates, ranging from collection 
preparation of material to differentiation 
normal cells. The Authors emphasize 
ibility with a virtual absence of “false 
itives it the expense of sensitivitv, re 
rting positive cytologic diagnoses in 55% of 
oven” bronchogenic carcinomas and in 64% 
ises n which diagnosis was made by 
choscopic biopsy. Some pathologists may 
igree with the list of advantages of the 
logic method over bronchoscopic biopsy. 
photomicrographs, excellent and all in 
r, would be more valuable if they were 
erted in the text at appropriate points and 
ore of the magnifications were uniform. 

R. tr. 


NDAMENTALS OF PHYSICAL CHEMISTRY FOR 
REMEDICAL STUDENTS. By H. D. Crockx- 
orp, Prof. of Chemistry, and Sauer B. 

NIGHT, Prof. of Chemistry, Univ. of North 
irolina. Pp. 366. New York: John Wiley 
Sons, 1950. Price, $4.25. 

lie text presents clearly and simply many 
the fundam«e ntal aspects of physical chem- 


REVIEWS 


AND NOTICES 


istry Among the topics considered are the 
various states of matter, osmotic pressure 
electrolytes, buffer action, electromotive force 
pH determinations colloids, and radioactivity 
There are numerous illustrations and many 
thought-provoking problems with answers 
Practically all references are to other books 
rather than to recent research papers. The 
clarity of presentation and the absence of 
compli¢ ated mathematics he Ip make this book 
favorable for students not specializing in the 
field. Otherwise, it adds little to what is 
already present: in other texts of the same 


type 4 


4 oF Venous Pressure. By 
E. Burcu, M.D., Prof. of Medicine, Tulane 
Univ. Pp. 174; 170 ills. Phila Lea & 
Febiger, 1950. Price, $4.00 

Cue Author of this new book states that 
it “is intended for the beginner designed 
to arouse his interest so that he might 
better understand and manage his patient 
Certain fundamental principles concerned 
with the maintenance of and fluctuations in 
venous pressure are discussed both in normal 
and disease states to illustrate how adequate 
appres iation of thei significance may per- 
mit more intelligent analvsis of clinical 
svndromes.” 

Under the chapter he idings of functional 
anatomy, physiology and hemodynamic phe- 
romena measurements of venous pressure, 
normal values, and values in disease states, 
the Author presents the fundamentals in a 
clear and easily readable stvle. At least halt 
of the space is occupied by illustrations, 
mostly line drawings. Many of these present 
material in so over-simplified a manner that, 
much as the Reviewer likes adequate illus- 
tration, this seems to be overdoing it a_ bit. 
Certainly the anatomical section would have 
been improved by the use of actual photo- 
graphs or photomicrographs. 

The purpose or usefulness of a ‘primer” 
devoted to venous pressure is not quite clear. 
Such a specialized topic would seem to be a 
proper subject for a monograph, not an ele- 
mentary study. The book seems to be aimed 
at medical practitioners, but the Reviewer 
doubts that it will appeal to them. It might 
have usefulness for medical students, but the 
over-simplification, lack of discussion of con- 
troversial points and lack of a bibliography 
would greatly limit its use even here. W. S. 
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BOOK 


He 1949 Year Book or Pepiatnrics. Edited 
by Henry G. Poncner, M.D., with Junius 
B. RicHMonp, M.D. Pp. 560; 120 ills. Chi 

igo: Year Book Publishers, 1950. Price 
$4.50 

THis survey of pediatric progress in 1949 
under the able direction of the new editors 
is excellent. Many pertinent editorial com 
nents are interspersed. The text covers the 
period from July 1948 to July 1949. I.W 
HuMAN FERTILITY AND PROBLEMS OF THI 
Mae. By Epmonp Farris, Ph.D., The 
Wist Institute of Anatomy and Biology 
Pp. 21] 3 figs 5 color plates Whit 
Plains, N. The Authors Press, 1950 
Price, $5.00 

In this book, the Author presents 


part ot 


I ts of his investigations of humar 
re prod t He deals chic fly with the prob 
lems of the le but includes obsers itions 

ovulat ind certain practical aspects of 
barren marriage The material is fresh and 
brings t proper focus the known factors 
in male fertility There are sections, for 
example the evaluation of treatment of male 


suthcient 


data are not 
red by the Author 


infertility, wherein the 


Chis is 1 


and ret tracts 


but little from the value of the book. Phy 

sicians and others interested in reproduction 

will find the book stimulating and practic ill; 

| Ipful P. 

NEW BOOKS 

Some Relations between Vision and Audition 
By DonaLp Harris, Ph.D., U. S. Naval 
Med. Res Lab New London, Conn Am 
Lect. Ser. 71. Pp. 56. Springhi Id, Hl 
Charles Chomas 1950. Price $1.50 

\ Study of Diphtheria in Two Areas of Great 


Britain. By Percival HARTLEY, et al Pp 
162. Med. Res. Council Special Rep. Ser 
London HH M Stationer\ Office 


1950. Price Is 


The Cerebral Circulation in Health and Dis 
ease. By Cart F. Scumipt, M.D., Lab 
of Pharmacol., Univ. of Penna. Am. Lect 
Ser. 65 Pp 78 Spring hie Id, Il Charles 
( Thomas, 1950. Price, $2.00 


Biochemical Aspects of Genetics. Edited by 


R. T. WituiaMs. Symposia No. 4, West 
minster Hosp Med. School, London Pp 
60. New York: Cambridge Univ. Press 
1950. Price, $1.50 
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The Hormones, Phy Chem i) 
Applicati ns. Vol Edited by Grecory 
Pincus and \ PHEMA Py 
782 New York \ Pi 1950 
Price, $12.50 
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llustrated. 4 \ 
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ERT G M.D M I 
Hosp. tor Treat f Cancer ai 
Disease New York \ Lect. S 
Pp 73. Springh Id, Charles C 1 
1950. Price, $2.00 
Maternity Care in Count Gib 
Tennessee and_ Pik \lississip} 10-41 
1943-44. By Frank E. Wurracre, M.D 
ind ELLeN WuiremMa loNeES, Py 
165. New York ( ionwealt Fund 
1950. Price, 50 
Kompendium der Hom thischen Therap 
Von Dr med Mex | 
Stuttgart, German Marquardt & Cir 
1950. Price, D.M. 8 
Clinical Uses of Intravenous Pr v¢ B 
Davip ]. GrauBat M.D., Kingston A 
nue Hosp Brooklyn, N. nd 
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